Relationships Between Environmental Factors and Fungi on Occupants\u27 Perceptions of Indoor Air Quality by Rodriguez, Monica
Western Kentucky University
TopSCHOLAR®
Masters Theses & Specialist Projects Graduate School
5-1-2005
Relationships Between Environmental Factors and
Fungi on Occupants' Perceptions of Indoor Air
Quality
Monica Rodriguez
Western Kentucky University
Follow this and additional works at: http://digitalcommons.wku.edu/theses
Part of the Environmental Health and Protection Commons, and the Public Health Commons
This Thesis is brought to you for free and open access by TopSCHOLAR®. It has been accepted for inclusion in Masters Theses & Specialist Projects by
an authorized administrator of TopSCHOLAR®. For more information, please contact connie.foster@wku.edu.
Recommended Citation
Rodriguez, Monica, "Relationships Between Environmental Factors and Fungi on Occupants' Perceptions of Indoor Air Quality"
(2005). Masters Theses & Specialist Projects. Paper 474.
http://digitalcommons.wku.edu/theses/474
RELATIONSHIPS BETWEEN ENVIRONMENTAL FACTORS 
AND FUNGI ON OCCUPANTS' PERCEPTIONS OF INDOOR AIR QUALITY 
A thesis 
Presented to 
The Faculty of the Department of Public Health 
Western Kentucky University 
Bowling Green, Kentucky 
In Partial Fulfillment 
Of the requirement for the Degree 
Master of Public Health in Environmental Health 
By 
Monica Rodriguez 
May 2005 
RELATIONSHIPS BETWEEN ENVIRONMENTAL FACTORS 
AND FUNGI ON OCCUPANTS' PERCEPTIONS OF IAQ 
Date Recommended 0 - ^ / p <( f 
S / z o / r f 
Dean, Graduate Studies and Re^arch Date 
Acknowledgments 
This project was supported by funds from Western Kentucky University's 2004 Summer 
Faculty Fellowship from the Office of Sponsored programs, the Dean of College of 
Health and Human Services and Provost's Office. The following thesis, while an 
individual work, benefited from the insights and direction of several people. First, my 
Thesis Chair, Dr. Emmanuel Iyiegbuniwe, provided timely and instructive comments and 
evaluation at every stage of the thesis process, allowing me to complete this project on 
schedule. Next, I wish to thank the complete Thesis Committee: Dr. Chris Nagy, Dr. All 
Miller, and Dr. Ritchie Taylor. Each individual provided insights that guided and 
challenged my thinking, substantially improving the finished product. In addition to the 
guidance and support above, I received equally important assistance from family and 
friends who provided on-going support throughout the thesis process. My parents 
promoted me, from an early age, the desire and skills to obtain the Master's. Finally, I 
wish to thank the respondents of my study. Their comments and insights created an 
informative and interesting project with opportunities for future work. 
iii 
TABLE OF CONTENTS 
Chapter Page 
1 
INTRODUCTION 1 
1.1 Problem Definition 1 
1.2 Purpose of Study 3 
1.3 Objectives and Research Question 3 
1.4 Limitations of Study 4 
1.5 Significance of Study 5 
2 LITERATURE REVIEW 6 
2.1 Factors Affecting Indoor Air Quality 6 
2.1.1 Temperature, Relative humidity and Airflow 7 
2.1.2 Sources and Types of Contamination 8 
2.1.3 Bioaerosol Contamination 13 
2.1.4 HVAC System 15 
2.1.5 Building Occupants 17 
2.2 Health Risk and Effects 17 
2.3 Building Associated Illnesses 20 
2.3.1 Sick Building Syndrome (SBS) 20 
2.3.2 Building Related Illnesses (BRI) 22 
2.3.3 Multiple Chemical Sensitivity (MCS) 23 
2.3.4 Asthma 24 
2.4 Health Effects Related with Mold 25 
2.4.1 Immunological Effects 25 
2.4.2 Toxic Effects 26 
2.5 Recommended Guidelines and Standards 27 
3 METHODS AND PROCEDURES 32 
3.1 Study Design 32 
Research question 34 
Null hypothesis 34 
Alternative hypothesis 34 
3.2 Office Buildings and Study population 34 
3.3 Environmental Sample Collection 36 
3.4 Culturable Fungi 37 
3.5 Bioaerosol Sampling (viable and non-viable fungi) 38 
3.6 Bulk Sampling 38 
3.7 Instrument 39 
3.7.1 Questionnaire 39 
3.8 Data Analysis 40 
3.9 Fungal Concentrations and Statistical Analysis 40 
iv 
4 RESULTS 41 
4.1 Description of Sample 41 
4.2 Walkthrough Inspection 41 
4.3 Questionnaires 42 
4.4 Environmental Measurements 46 
4.4.1 Descriptive Statistics 46 
4.4.1.1 Carbon dioxide 49 
4.4.1.2 Temperature 49 
4.4.1.3 Relative Humidity 50 
4.4.1.4 Dew Point 51 
4.4.2 Pearson Correlation 52 
4.4.3 Analysis of Variance (ANOV A) 53 
4.5 Fungal Concentrations and Identification 58 
4.5.1 Viable Fungi 58 
4.5.2 Total (Viable and Non-Viable) Fungi 67 
5 DISCUSSION 73 
5.1 Environmental Parameters 73 
5.2 Fungi Levels and Health Symptoms 75 
6 CONCLUSIONS / RECOMMENDATIONS 80 
6.1 Concluding Statements 80 
6.2 Recommendations 81 
Glossary 83 
References 86 
APPENDIX-A 93 
v 
List of Figures 
Figure 1. Scheme of the Methodology Process 33 
Figure 2. Box plots of CO2 levels (ppm) 49 
Figure 3. Box plots of Temperature levels (F°) 50 
Figure 4. Box plots of percentages of Relative Humidity (%) 51 
Figure 5. Box plots of percentages of Dew Point (F°) 52 
Figure 6. Indoor Concentration and Identification of Fungi in STH 60 
Figure 7. Outdoor Concentration and Identification of Fungi in STH 60 
Figure 8 Indoor Concentration and Identification of Fungi in J JH 63 
Figure 9. Outdoor Concentration and Identification of Fungi in J JH 63 
Figure 10. Indoor Concentration and Identification of Fungi in TPH 66 
Figure 11. Outdoor Concentration and Identification of Fungi in TPH 66 
vi 
List of Tables 
Table 1. Recommended Guidelines for Indoor Environments 28 
Table 2. Common IAQ Complaints From Respondents 42 
Table 3. Frequency of Reported Health Symptoms 43 
Table 4. Frequency of Reported Presence of IAQ Parameters 46 
Table 5. Distribution of Environmental Measurements 47 
Table 6. Statistics for Environmental Parameters 48 
Table 7. Pearson Correlation of Environmental Measurement 53 
Table 8. Comparison of Mean Levels of Environmental Parameters by Groups 54 
Table 9. Tukey post-hoc comparisons between buildings 56 
Table 10. Concentrations and Identification of Fungi in STH 59 
Table 11. Concentrations and Identification of Fungi in JJH 62 
Table 12. Concentrations and Identification of Fungi in TPH 65 
Table 13. Viable and Non-Viable Particles at STH 68 
Table 14. Viable and Non-Viable Particles at JJH 70 
Table 15. Viable and Non-Viable Particles at TPH 72 
vii 
List of Appendices 
Appendix A. Initial Indoor Air Quality Questionnaire 93 
viii 
RELATIONSHIPS BETWEEN ENVIRONMENTAL FACTORS 
AND FUNGI ON OCCUPANTS' PERCEPTIONS OF INDOOR AIR QUALITY 
Monica Rodriguez May 2005 95 pages 
Directed by: Dr. Emmanuel Iyiegbuniwe, Dr. Chris Nagy, Dr. A.L. Miller, and Dr. 
Ritchie Taylor. 
Department of Public Health Western Kentucky University 
ABSTRACT 
In recent decades, concerns about potential health effects resulting from exposure to 
contaminants that cause indoor air pollution have dramatically increased. The purpose of 
this study was to assess the indoor air quality of three buildings at Western Kentucky 
University and to examine and characterize indoor levels of basic comfort parameters, 
carbon dioxide, and fungi as well as occupants' perceptions of poor indoor air quality and 
the role of fungi on reported health symptoms. The three buildings included in the study 
were: Tate Page Hall (TPH), Jones Jagger Hall (JJH) and Science and Technology Hall 
(STH). Fifty-three questionnaires were completed by faculty and staff in the three 
buildings. The questionnaires, in addition to a walkthrough inspection and information 
from the Environmental Health and Safety Director and building coordinators formed the 
basis for classification of the three buildings (TPH and STH as complaint and JJH as non-
complaint). Comfort parameters, CO2, and fungi were measured indoors at selected 
offices for approximately five hours each day in summer of 2004. Measurements were 
also made outdoors for comparison of indoor samples. Airborne samples for viable fungi 
were collected onto malt Extract Agar using a single-stage Impactor calibrated at a flow 
rate of 28 liters per minute (L/min) for five minutes. Air samples for non-viable fungi 
were collected with Air-O-Cell Cassettes using the SKC Bio-Pump at a flow rate of 
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15L/min for ten minutes. Additionally, bulk samples were collected from areas with 
visible molds. The fungal samples were sent to two contract and accredited laboratories 
for analysis. The basic parameters were analyzed using descriptive statistics and analysis 
of variance. The results of the questionnaires showed response rates of 35 % for STH 
and TPH, and 30 %, for JJH. The most common indoor air quality (IAQ) complaints 
were allergies (27%), mold (27%), dust in the air (17%), temperature (13%), lack of 
airflow or stuffiness (10%), and physical symptoms (7%). The average indoor levels of 
basic parameters were within the American Society of Heating, Refrigerating and Air 
Conditioning Engineers (ASHRAE's) recommended limits for both complaint buildings. 
ANOVA results showed that the levels of environmental measurements differed 
significantly across buildings. Airborne indoor concentrations of fungi were significantly 
higher than the outdoor in STH and TPH. Whereas JJH had less than 50% indoor fungi 
compared to outdoor. The most prevalent fungi were Aspergillus, Acremonium 
Cladosporium, Penicillium, and Yeast. However, certain toxin producing fungi 
(Penicillium, Aspergillus, and Stachybotrys species) that have been associated with 
human health effects such as asthma and allergies were isolated from a number of indoor 
samples at higher levels in the complaint buildings than the non-complaint building. The 
presence of higher indoor (compare to outdoor) levels and more species of toxigenic 
fungi would indicate inadequate ventilation and poor indoor air quality. Poor indoor air 
quality resulting from allergic diseases has been associated with increased rate of 
absenteeism and reduced productivity. Remedial actions are recommended for improved 
building design, operation and maintenance with a view to improving indoor air quality, 
occupants comfort, and public health. 
x 
CHAPTER-1 
INTRODUCTION 
1.1 Problem Definition 
Indoor air quality (IAQ) refers to the quality of air that is circulated, conditioned, 
and breathed within the confines of a building (1). In recent years, an increasing amount 
of attention is being paid to IAQ in the office workplace that might be related to the 
following: increasing amount of time spent indoors; aging population; aging buildings; 
decreasing ventilation due to energy conservation; increasing number of chemicals 
brought into the workplace; increasing reliance on mechanical ventilation with decreasing 
open-able windows; increasing outdoor air pollution in some cases; expanding global 
competition; improving technology; increasing awareness of IAQ; and litigation resulting 
from poor IAQ getting more expensive and more common (2). 
IAQ is a dynamic interaction of complex factors that affects the types, levels, 
and importance of pollutants in indoor environments. These factors include pollutant 
sources and pathways, design, maintenance and operation of building ventilation systems; 
moisture and humidity; and occupant perceptions and susceptibilities (3). The indoor 
environment of schools is complex and is influenced by many factors including building 
design, the number of occupants, office furnishing, and cleaning agents. 
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Concern in recent years regarding the potential health effects of indoor air 
exposure, as well as the marked increase in the prevalence of asthma in industrialized 
countries, has prompted more research on exposure to airborne microbial agents and 
asthma (2). 
The origin of poor IAQ is often associated with the emphasis placed on energy 
conservation in the 1970s', which resulted in tighter buildings and reduced ventilation, 
inadequate maintenance and cost saving measures (4). People spend, on average, nearly 
90% of their time indoors (5). Occupant complaints of odors, stale and stuffy air, and 
symptoms of illness or discomfort breed undesirable conflicts between occupants or 
tenants and building managers (4). Because of its effects on health, comfort, and 
serviceability, indoor air quality is becoming of increasing concern to many people (6). 
Bioaerosol concentrations in office environments and their roles in causing 
building-related symptoms have drawn much attention in recent years. Increasingly, fungi 
in indoor air are being proposed as a cause of adverse health effects (7)(8)(9). 
Exposure to fungi has been reported to cause several types of human health 
problems, primarily irritations, infections, allergies, and toxic effects, and it has been 
suggested that toxigenic fungi are the cause of additional adverse health effects (9)(10). 
A field guide published by the American Industrial Hygiene Association recommends 
that the presence of some toxigenic fungi requires urgent risk management decisions 
(11). 
Because of concerns of mold-induced building-related illnesses and the particular 
characteristics of Stachybotrys species, there has been growing concern about the health 
of occupants of Stachybotrys-"damaged" buildings (12)(13). The state of knowledge 
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regarding IAQ in school buildings is very limited. With the possible exception of the 
early National Institute for Occupational Safety and Health (NIOSH) investigations, there 
has been no consistent approach to evaluations of IAQ and health outcomes in schools 
(14). More studies are needed to determine if there are any associations between the 
levels of IAQ parameters, airborne fungi and occupants' perceptions regarding health and 
environmental factors. 
1.2 Purpose of the Study 
The purpose of the study was to assess the indoor air quality of three buildings on 
a Kentucky campus. More specifically this study proposed to examine and characterize 
basic parameters commonly associated with indoor, characterize office occupant's 
perceptions of poor indoor air quality, and evaluate the role of fungi on health related 
symptoms reported at work. 
1.3 Objectives and Research Question 
The specific objectives of this study were: 
To estimate the prevalence of health and work related symptoms reported by 
faculty and staff in three campus buildings; to assess the levels of basic IAQ parameters 
and the levels of fungi. 
Research Question 
Based on the above purpose and objectives, the following research questions were 
generated: 
1. Is there a significant difference among buildings in terms of environmental 
parameters and levels of fungi? 
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2. Is there a relationship between reported health symptoms and levels of basic IAQ 
parameters and fungi? 
1.4 Limitations of the Study 
It is important to recognize certain limitations inherent in this study which will 
reduce the generalizability of the findings across all the buildings on campus. In a study 
such as this, selection bias may be an important factor. This study was limited to one 
non-complaint building and two complaint buildings out of 64 campus buildings that 
could potentially be affected by poor IAQ. The information collected through the survey 
is only one of the factors that should be considered when selecting the appropriate 
mitigation action. Reliance on these results alone may result in inappropriate decision-
making due to the limitations of this monitoring. Also, participants who were willing to 
complete the self-administered questionnaire would, most likely, contribute to a 
particular occupants' IAQ perception and may not reflect the wide range of perceptions 
among building occupants. Additionally, the sampling occurred over the summer. 
Seasonal variations in IAQ parameters would indicate that the results of the present study 
may not be applicable to other seasons including Fall, Spring and Winter. Therefore, 
data from comparisons between complaint versus non-complaint buildings or indoor 
versus outdoor may not present an accurate picture of potential problems in a given year. 
Second, since this is not a longitudinal study, it is not possible to state clearly a 
cause and effect relationship between occupants' perceived health symptoms and levels 
of basic IAQ parameters and fungi. It is possible that any differences found between 
buildings (two complaint buildings and one non-complaint building) on the dependent 
variables may be pre-existing. Occupants who are predisposed by psychosocial factors 
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and personal stressors that could produce symptoms similar to those caused by poor 
indoor air may differ from their coworker's IAQ perception of the work environment. 
Third, this study may not be generalizable to other campus buildings due to 
variation in building characteristics (age, envelope shape, etc) and environments restrict 
the results of this study to Western Kentucky University Campus. Further studies which 
improve upon the quality of the present work, should be performed in order to determine 
whether exposure to the levels of fungi determined during this study could cause adverse 
health effects to building occupants. 
1.5 Significance of the Study 
To date, no study on environmental parameters and prevalence of fungi of this 
magnitude has been conducted in a South Central Kentucky School. More studies are 
needed to demonstrate the relationships between symptoms and measured exposures to 
multiple specific pollutants investigated (14). Furthermore, quantitative information is 
needed on exposure-health response relationships for specific pollutants suspected of 
causing health symptoms, in order to provide a sound basis for setting standards for 
schools and for insuring cost-effective mitigation measures. Information gained from this 
study will expand the knowledge related to quantitative data concerning the role of fungi 
and environmental factors on occupants' perceptions of workplace indoor air quality. 
Findings from this study will provide much needed information on campus buildings with 
this problem and will improve methods for exposure assessments, particularly those that 
provide more types of fungi. 
CHAPTER II 
LITERATURE REVIEW 
Introduction 
The following review was carried out on existing published literature and reports 
on indoor air quality, to summarize recent and on-going research on factors affecting 
IAQ, sources and types of contaminants, the ventilation system, health risk and effects, 
and building associated illnesses. 
2.1 Factors Affecting Indoor Air Quality 
The basic ambient parameters for a thermally comfortable indoor climate are air 
temperature, air velocity, humidity and radiation pattern (15). Besides the thermal 
component, the concentrations of air pollutants in the indoor air are also of importance 
for well being and health. Air pollutant levels are influenced both by the outdoor 
concentrations and the indoor emissions (15). Characteristics such as occupant density, 
pollutant sources, poor construction, building renovations, use of portable buildings, tight 
budgets, and difficult political climates contribute to the greater potential for schools to 
develop IAQ problems (16). The indoor environment in any building is a result of the 
interaction between the site, climate, building design, construction techniques, 
contaminant sources and building occupants. There are four elements involved in the 
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development of indoor air quality problem: source, heating ventilation and air 
conditioning system (HVAC), pathways and occupants (17). 
2.1.1 Temperature, Relative Humidity (RH) and Airflow 
Temperature, RH and airflow make up the thermal environment and these are 
important dimensions of indoor air quality. Thermal comfort is the result of a number of 
variables that interact to determine whether people are comfortable with the temperature 
of the indoor air. The activity level, age, and physiology of each person affect the thermal 
comfort requirements of that individual (18). RH can affect mucous membranes. Low-
humidity, present with winter-time conditions, (RH <30%) appears to be a risk factor for 
sick building syndrome (SBS) type symptoms (19). Excessively high or low relative 
humidity can produce discomfort, while high relative humidity can promote the growth 
of mold and mildew. 
Many complaints of poor indoor air may be resolved by simply altering the 
temperature or relative humidity (4). People that are thermally uncomfortable usually 
have a lower tolerance to other building discomforts (4). Also, the rate at which 
chemicals are released from building materials is usually higher at higher building 
temperatures. Thus, if occupants are too warm, it is also likely that they are being 
exposed to higher pollutant levels. Indoor thermal conditions are controlled by the 
HVAC system (4). 
Regulating the indoor temperature and humidity in buildings (usually between 
66°F and 79°F and RH between 30% and 60% is important, but energy intensive, and 
accounts for about 25% of primary energy use and over 50% of total energy consumption 
in buildings. Even though conditioned indoor air is energy intensive, it is very important 
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because research has shown that both the indoor climate and IAQ can influence comfort, 
health and productivity (20). 
Indoor humidity depends on many factors including outdoor humidity, HVAC 
system, ventilation rate, occupant behavior and building materials (21). Measurements 
have shown that the indoor humidity is usually from 2 to 4 g/m3 greater indoors than 
outdoors due to indoor moisture sources (22)(23). Indoor humidities are too high in 
many climates and too low in others. Study has shown that the indoor RH is extremely 
important and significantly affects thermal comfort (24), the perception of IAQ (25), 
occupant health (26) (27), the durability of building materials (10), and energy 
consumption (28). 
2.1.2 Sources and Types of Contaminants 
A variety of air contaminants are generated within the building or be drawn in 
from outdoors as a result of infiltration and ventilation or passively transported into 
indoor environments. Much of the building fabric, its furnishings and equipment, and 
occupants and their activities produce pollution and people contribute millions of 
particles to the indoor air primarily through the shedding of skin scales (29). Clothing, 
furnishings, draperies, carpets, etc. contribute fibers and other fragments. Cleaning 
processes, sweeping, vacuuming and dusting normally remove the larger particles, but 
these procedures often increase the airborne concentrations of the smaller particles. In a 
well functioning building, some of these pollutants will be directly exhausted to the 
outdoors and some will be removed as outdoor air enters the building and replaces the air 
inside (29). 
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The air outside may also contain contaminants which will be brought inside in 
this process. This air exchange is brought about by the mechanical introduction of 
outdoor air (outdoor air ventilation rate), the mechanical exhaust of indoor air, and the air 
exchanged through the building envelope (infiltration and exfiltration) (4). Indoor 
pollutant sources include the occupants themselves, tobacco smoke, the building structure 
and fixed furnishings, office equipment, and materials used for cleaning and 
maintenance. Building occupants are the dominant source of carbon dioxide (CO2) 
increases in buildings. Indoor pollutants are removed by dilution through ventilation with 
outdoor air. At constant occupancy, changes in indoor CO2 concentrations are correlated 
with changes in the concentrations of other pollutants in the building volume (30). 
A number of pollutants and pollutant categories have been identified as 
constituting significant exposure and potential health risks in buildings. These include 
asbestos, radon, combustion by-products, aldehydes, volatic organic compounds VOCs, 
semivolatile organic compounds (SVOCs), pesticides, and a variety of contaminants of 
biological origin (31). 
Carbon dioxide concentrations in buildings are often used as a surrogate in 
determining the rate of outside supply air per occupant. Indoor CO2 concentrations above 
1000 ppm are generally regarded as indicative of ventilation rates that are unacceptable 
with respect to body odors. Concentrations of CO2 below 1000 ppm do not always 
guarantee that the ventilation rate is adequate for removal of air pollutants from other 
indoor sources (32). The use of 1000 ppm as guideline for CO2 is no longer applicable. 
ASHRAE recommends a differential not greater than 700 ppm indoor CO2 compared to 
outdoor. 
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The release of CO2 by occupants causes indoor concentrations to exceed the 
outdoor concentrations by an amount that depends on the rate of outside air supply per 
occupant and the time elapsed after the occupants entered the building (14). 
Concentrations of other indoor-generated contaminants should be roughly correlated with 
the difference between the indoor CO2 concentration and the concentration in the outdoor 
air supplied to the building (33). The correlation should be strongest for other human 
bioeffluents and weaker for pollutants emitted by building materials, furniture, electronic 
and office equipment, cleaning and other activities (33). 
CO2 concentrations reported in the scientific literature for America and Canadian 
schools, and for European schools, respectively, for complaint and non-complaint 
schools, reveals concentrations that are near or only slightly above 1,000 ppm, regardless 
of complaint or non-complaint status. CO2 concentrations well above 1000 ppm were 
also reported for some noncompliant schools (14). Brennan et al (1991) reported mid-
afternoon CO2 measurements in a non-random study of nine U.S. non-complaint schools. 
Concentrations ranged from about 400 to 5,000 ppm (mean = 1,480 ppm). CO2, 
concentrations exceeded the existing 1000 ppm ASHRAE ventilation standard in 74% of 
the rooms. 
The average of concentrations for three non-complaint schools in Alberta, Canada 
were below 1000 ppm although some measurements exceeded this concentration (14). In 
one portable classroom, the average CO2, concentration was 1950 ppm. The number of 
classrooms studied at each school was not provided. In general, CO2, measurements in 
schools suggest a significant proportion of classrooms probably do not meet the 
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ASHRAE Standard of 62-1999 for minimum ventilation rate, at least part of the time 
(14). 
The use of tobacco products by approximately 40 million smokers in the U.S. 
results in significant indoor contamination from combustion by-products that poses 
significant exposures to millions of others who do not smoke but must breath 
contaminated indoor air. Several thousand gas-and particulate-phase compounds have 
been identified in tobacco smoke. The more significant of these include respirable 
suspended particulates, nicotine, nitrosamines, polycyclic aromatic hydrocarbons, carbon 
monoxide, carbon dioxide, nitrogen oxides, acrolein, etc (30). Important sources of 
indoor fine particles (e.g. those smaller than approximately 2.5 micrometers) include 
outdoor air, tobacco smoking and unvented combustion appliances (34). Environmental 
tobacco smoke (ETS) has been shown to increase the risks for a variety of health effects 
in nonsmokers exposed at typical environmental levels. The pattern of health effects from 
ETS exposure produced in adult nonsmokers is consistent with the effects known to be 
associated with active cigarette smoking. Chronic exposures to ETS increase lung cancer 
mortality (35). 
Dust includes a broad range of particulate-phase materials, which vary in size, 
chemical composition, type, and source. Particles generated by combustion can come 
from outdoors, or can be generated from indoor sources such as people, pets, construction 
activities or material degradation. Particles may be simple irritants, may contain toxic 
materials but also can cause allergic reactions. Depending on the source and size of 
particles, ventilation may not be particularly effective at reducing particle concentration. 
However, source control or filtration can be effective (5). Airborne dust concentrations 
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may be reported as total suspended particles (TPS), RSP, ultraviolet particulate mater 
(UVPM), particle numbers, or concentrations of specific particle fractions such as man-
made mineral fibers. TPS particles represent the largest range of particle sizes measured, 
including those that are respirable (<3.0 |j.m, RSP), inhalable (<10.0 | im) and not 
inhalable (10 to 100 |im). Respirable suspended particles are generally considered to 
have the greatest biological significance since they can deposit in lung tissue (19). 
Larger particles (3 to 10 (im) tend to be deposited in the upper respiratory passages where 
they have the potential to cause irritation or allergic inflammatory responses. Studies 
have shown significant relationships between sick building syndrome (SBS) type 
symptoms and surface dust concentrations (19). Settled floor and other surface dust has 
been implicated as a potential causal factor for SBS by European investigations (36). 
The component of surface dust that appears to be closely associated with SBS is 
described as a macromolecular organic dust (DOM). DOM appears to be immunogenic, 
consisting of proteins, deoxyribonucleic acid (DNA), and other large molecules of 
biological origin. Settled dust is an apparent source of volatile organic and semivolatile 
organic compounds (VOCs and SVOCs), including aldehydes and carboxylic acids (36). 
Microbial decomposition of lipids has been suggested as the origin of microbial VOC 
(MYOC) emissions from settled dust. Significant associations between surface dust 
MVOC emissions and symptoms of mucous membrane irritation and difficulty in 
concentration have been reported (36). 
Dust in schools has been associated with statistically significant increases in 
allergic sensitization, incidence of asthma diagnosis, prevalence of asthmatic symptoms, 
and asthma medication use (37). It has been found on surfaces like bookcases and smooth 
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flooring and in carpets, rugs, curtains, and upholstered furniture. Carpets and rugs tend to 
increase air quality problems and studies have reported that allergen levels in dust were 
higher in carpets and rugs than on smooth floors (37). 
Organic dust toxic syndrome (ODTS) is a general term, covering illnesses caused 
by inhalation of either bacterial endotoxins or fungal toxins (38). It is characterized by a 
flu-like syndrome with prominent respiratory symptoms and fever, which occurs abruptly 
a few hours after a single, heavy exposure to dust containing organic material, including 
species of Aspergillus and Penicillium (38). The symptoms of ODTS are quite similar to 
those of hypersensitivity pneumonitis, but are not mediated by immune responses. 
Therefore, ODTS typically occurs immediately after the first heavy exposure to the 
causative agent; repeated exposures are not required (39). ODTS has been documented 
in workers handling material contaminated with fungal or gram-negative bacterial growth 
in both outdoor (agricultural) and indoor (demolition) settings (40) (41). 
2.1.3 Bioaerosol Contaminants 
The term "bioaerosol contaminants" refers to a diverse variety of agents from 
biological sources found in indoor environments. These contaminants include: (1) 
viruses; (2) bacteria, including endotoxins from bacteria; (3) allergens, including house 
dust mite allergens and allergens from animal dander and (4) fungi which may contain 
allergens, toxins, and irritants. 
Mold, bacteria and dampness on surfaces or damaged materials have been 
significantly associated with prevalence of wheezing and/or cough and development of 
allergy (42). Moisture related problems can result from leaks under sinks, in roofs, and 
under floors or behind walls. Researchers found three times higher prevalence of asthma 
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in students over a three-year period after a school suffered serious moisture damage when 
compared to the three-year period prior to the damage (43). 
Rao, et al. (1996) reported that existing quantitative standards and guidelines for 
total fungi in indoor air ranged from <100 colony forming units per cubic meter 
(CFU/m3) to >1000 CFU/m3 as the upper limit for non-contaminated indoor 
environments. Bates and Mahaffy (1996) investigated airborne and surface fungi in 
thirteen classrooms in six Florida schools. Health complaints included stuffy sinuses, sore 
throats, respiratory illnesses, lethargy, itchy eyes and runny noses. Concentrations of 
fungi were >1,000 CFU/m3 in one complaint and one non-complaint room, while in all 
other classrooms they were <700 CFU/m3. Concentrations were generally higher in the 
outdoor air (44). 
Average and maximum total viable molds measured in 96 classrooms in thirty-
eight randomly selected Swedish schools were 
500 CFU/m and 4,500 CFU/mJ, 
respectively, (45). Measured viable molds in dusts from 36 carpeted rooms and 13 non-
carpeted rooms in twenty one Danish schools showed significantly greater (p=0.002) 
mold colony in carpet dust (-1,900 CFU/g. dust) than the bare floors (-950 CFU/g. dust) 
(45). The most prevalent microfungal genera were Penicillium, Fusarium, Alternaria and 
Cladosporium. 
Building occupants can also become colonized or infected by fungi and bacteria 
that may grow within the building and HVAC system. The associated diseases include 
invasive aspergillosis, legionellosis and histoplasmosis (46). 
Water is a major limiting factor in the growth of fungi. Humidity greater than 
70% is required for spores to germinate, and optimal substrate moisture is necessary for 
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initial infestation and subsequent growth. Though water is required for growth, fungal 
species have a broad tolerance range for its availability and fungi grow over a range of 
temperature conditions (43). Thermophilic fungi that are human pathogens grow well at 
temperatures of 95 F 0 to 104 F 0 (47). 
Exposures to high concentrations of small fungal spores and the spores of the 
higher bacteria may cause hypersensitivity pneumonitis. Exposures to fungal glucans, 
bacterial endotoxins or microbial volatile organic compounds (MVOCs) may cause 
severe toxic effects (19). Today's problems are more concerned with molds and other 
fungi that are growing on building materials and systems. Exposures to mold spores in 
indoor air can also cause allergic reactions in sensitized subjects, with symptoms such as 
runny nose, watery eyes, cough, sneezing, and fevers. Water damage in a building often 
leads to the growth of molds and to airborne exposures to mold spores from genera such 
as Aspergillus, Alternaria, and Cladosporium (14). Water damage to buildings was the 
second most commonly reported building-related problem associated with the indoor air 
in the NIOSH HHERs (14). 
2.1.4 HVAC System 
The Heat Ventilation Air Conditioning System (HVAC) control thermal 
conditions and air exchange with the ambient environment, so their operation is a major 
determinant of occupant comfort and satisfaction with the indoor environment. The 
HVAC system includes all heating, cooling, and ventilation equipment serving a 
building: furnaces or boilers, chillers, cooling towers, air handling units, exhaust fans, 
ductwork, filters, steam (or heating water) piping. A properly designed and functioning 
HVAC system: provides thermal comfort, distributes adequate amounts of outdoor air to 
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meet ventilation needs of all building occupants and isolates and removes odors and 
contaminants through pressure control, filtration, and exhaust fans (19). 
Most air-handling units distribute a blend of outdoor air and recirculated indoor 
air. HVAC designs may also include units that introduce 100% outdoor air or that simply 
transfer air within the building. Thermal comfort and ventilation needs are met by 
supplying "conditioned" air (a blend of outdoor and recirculated air that has been filtered, 
heated or cooled, and sometimes humidified or dehumidified) (4). 
Ventilation is a physical process that involves the movement of air through 
spaces. General dilution ventilation is used in most large buildings to dilute and remove 
human bioeffluents that cause odor and comfort complaints. It is also applied as a 
generic measure to reduce overall building contaminant levels and mitigate SBS-type 
symptoms and IAQ complaints (30). Contaminants from area sources such as people, 
building materials, office equipment, are diluted with outdoor air from natural or 
mechanical ventilation. Ventilation systems should be operated to provide sufficient 
outdoor air ventilation. Reducing outdoor air ventilation rates below required levels saves 
little energy and is not advisable. If capacity is available, outdoor air ventilation rates 
should meet applicable standards under all operating conditions. Problems with reduced 
outdoor air during part-load in certain variables air volume (VAV) systems should be 
addressed (30). 
The HVAC system is generally the predominant pathway and driving force for air 
movement in buildings. However, all of a building's components (walls, ceilings, floors, 
penetrations, HVAC equipment, and occupants) interact to affect the distribution of 
contaminants. On a localized basis, the movement of people has a major impact on the 
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movement of pollutants. Some of the pathways change as doors and windows open and 
close. Natural forces exert an important influence on air movement between zones and 
between the building's interior and exterior (17). 
The interaction between pollutant pathways and intermittent or variable driving 
forces can lead to a single source causing indoor air quality complaints in areas of the 
building that are distant from each other and from the source (17). Hence, indoor air 
quality complaints can be heard in one area of a building that is far removed from the 
actual source of the indoor air quality contaminant (17). 
2.1.5 Buildings Occupants 
The occupants that may be particularly susceptible to the effects of indoor air 
contaminants include, but are not limited to the following: allergic or asthmatic 
individuals, people with respiratory disease, people whose immune systems are 
suppressed due to chemotherapy, radiation therapy, disease, or other causes, contact lens 
wearers (17). Building occupants experience symptoms that do not fit the pattern of any 
particular illness and are difficult to trace to any specific source (48). Because of varying 
sensitivity among people, one individual may react to a particular indoor air quality 
problem while surrounding occupants have no ill effects. In addition, a single indoor air 
pollutant or problem can trigger different reactions in different people while some 
occupants are not affected at all (49). 
2.2 Health Risk and Effects 
A healthy indoor environment consists of many factors, including good air 
quality. When all factors are properly aligned and working together, the building 
environment contributes to the productivity, comfort and a sense of health and well being 
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of building occupants. Human responses to pollutants, climatic factors, and other 
stressors such as noise and light are generally categorized according to the type and 
degree of responses and the time frame in which they occur (4). Elevated levels of 
particle air pollution have been associated with decreased lung function, increased 
respiratory symptoms (such as cough, shortness of breath, wheezing, and asthma attacks), 
as well as chronic obstructive pulmonary disease, cardiovascular diseases, and lung 
cancer (50). Further complicating the diagnosis is the fact that many of the symptoms 
associated with poor indoor air quality are also symptoms that are associated with colds, 
allergies, fatigue, and the flu. Also, because of varying sensitivity among people, one 
individual may react to a particular IAQ problem while surrounding occupants do not 
display ill effects (51). 
Indoor pollution in general and occupational exposure in particular also 
contributes substantially to overall human exposure: indoor concentrations of nitrogen 
dioxide, carbon monoxide, respirable particles, formaldehyde and radon are often higher 
than outdoor concentrations (52). 
Acute effects are those that occur immediately (e.g., within 24 hours) after 
exposure. Chemicals released from building materials may cause headaches, or mold 
spores may result in itchy eyes and runny noses in sensitive individuals shortly after 
exposure. Generally, these effects are not long lasting and disappear shortly after 
exposure ends. However, exposure to some biocontaminants (fungi, bacteria, viruses) 
resulting from moisture problems, poor maintenance, or inadequate ventilation have been 
known to cause serious, sometimes life threatening respiratory diseases which themselves 
can lead to chronic respiratory conditions. Chronic effects are long-lasting responses to 
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long term or frequently repeated exposures. Long term exposures to even low 
concentrations of some chemicals may induce chronic effects. Cancer is the most 
commonly associated long term health consequence of exposure to indoor air 
contaminants (53). 
Discomfort is typically associated with climatic conditions but building 
contaminants may also be implicated. People complain of being too hot or too cold or 
experience eye, nose or throat irritation because of low humidity. However, reported 
symptoms can be difficult to interpret. Complaints that the air is "too dry" may result 
from irritation from particles on the mucous membranes rather than low humidity, or 
"stuffy air" may mean that the temperature is too warm or there is lack of air movement, 
or "stale air" may mean that there is a mild but difficult to identify odor. These conditions 
may be unpleasant and cause discomfort among occupants, but there is usually no serious 
health implication involved (54). 
Significant measurable changes in people's ability to concentrate or perform 
mental or physical tasks have been shown to result from modest changes in temperature 
and relative humidity. In addition, recent studies suggest that the similar effects are 
associated with indoor pollution due to lack of ventilation or the presence of pollution 
sources. Estimates of performance losses from poor indoor air quality for all buildings 
suggest a 2-4% loss on average. Future research should further document and quantify 
these effects. Sufficient information is not yet available to set health-protective exposure 
standards for most measurable indoor contaminants in schools and other no industrial 
environments (55). 
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2.3 Building Associated Illnesses 
The emergence of indoor air quality problems and associated occupant complaints 
have led to terms which describe illnesses or effects particularly associated buildings. 
These include sick building syndrome, building related illness, and multiple chemical 
sensitivity (53). Indoor air quality problems are generally classified as sick building 
syndrome (SBS) or building-related illness (BRI). 
2.3.1 Sick Building Syndrome (SBS) 
The 'sick building syndrome' (SBS), is a term used to describe the presence of 
acute non specific symptoms in the majority of people, caused by working in buildings 
with an adverse indoor environment. It refers to a cluster of complex irritative symptoms 
like irritation of the eyes, blockened nose and throat, headaches, dizziness, lethargy, 
fatigue irritation, wheezing, sinus, congestion, dry skin, skin rash, sensory discomfort 
from odors and nausea. These symptoms are usually short term and experienced 
immediately after exposure; and may disappear when you leave the building. 
SBS is suspected when a substantial portion of the people spending extended time in a 
building report or experience acute on site discomfort. SBS is used to describe a set of 
adverse health or discomfort symptoms that individuals experience when they spend time 
indoors, particularly in office buildings, and that lessen while away from the building. 
SBS symptoms do not indicate either a particular exposure or a specific disease (54). 
In 1983, the World Health Organization published a list of eight non-inclusive 
symptoms that characterize sick building syndrome. Generally, these conditions are not 
easily traced to a specific substance, but are perceived as resulting from some 
unidentified contaminant or combination of contaminants, in some instances, outbreaks 
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of SBS are identified with specific pollutant exposures, but in general only general 
etiologic factors related to building design, operation and maintenance can be identified 
(56). 
SBS symptoms are often classified by the affected region and system of the body. 
The classifications are: upper respiratory and mucosal symptoms, typically reported as 
dry, itchy, sore, burning, or otherwise irritated eyes, nose, sinus, or throat; lower 
respiratory irritation or distress such as cough, tight chest, wheeze, or difficulty 
breathing; neurophysiological symptoms including headache, drowsiness, lethargy, 
tiredness, mental 2 fatigue, dizziness, etc.; and skin irritation symptoms such as itching or 
stinging, dryness, or reddening (54). 
A thorough review of the literature regarding building ventilation and CO2 
buildup, and their association with health, comfort, and productivity was recently 
compiled by Seppanen and colleagues (1999). Their review summarized the results of 22 
studies of SBS symptoms in office buildings where CO2 measurements were made over 
30,000 subjects in more than 400 buildings in North America, Europe, and Asia. A 
statistically significant (p <0.05) positive association was found between CO2 levels and 
one or more SBS symptom in about one-half of the studies. In these studies, indoor CO2 
concentrations were associated with headache, fatigue, eye symptoms, nasal symptoms, 
respiratory tract symptoms, and total symptom scores. The respiratory symptoms 
included throat and lower respiratory symptoms, and difficulty breathing. These 
associations for CO2 and SBS in office buildings were consistent with the observed 
association between building ventilation and SBS symptoms (32). 
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Other studies that showed null or negative findings of the associations of SBS 
symptoms with both CO2 and ventilation studies should not necessarily be interpreted as 
evidence that ventilation is not a determinant factor in predicting SBS (14). Other 
potential explanations for the absence of associations include poor statistical power, study 
designs and analyses that did not adequately account for confounding variables, or 
insufficient ability to characterize CO2 concentrations in the buildings and the symptoms 
of the building occupants (14). 
Often the prevalence of SBS symptoms is higher in air-conditioned buildings than 
in naturally ventilated buildings. The evidence suggests that better hygiene, 
commissioning, operation and maintenance of air handling systems may be particularly 
important for reducing the negative effects of HVAC systems (14). 
2.3.2 Building Related Illness (BRI) 
Building-related illness (BRI) describes specific medical conditions of known 
etiology which can often be documented by physical signs and laboratory findings. The 
BRI are attributed directly to the specific airborne building contaminants, like the 
outbreak of the legionnaire's disease after a convention and sensitivity pneumontis with 
prolonged exposure to the indoor environment of the building. Such illnesses include 
sensory irritation when caused by known agents, respiratory allergies, nosocomial 
infections, humidifier fever, hypersensitivity pneumonitis, Legionnaires' disease, and the 
symptoms and signs characteristic of exposure to chemical or biologic substances such as 
carbon monoxide, formaldehyde, pesticides, endotoxins, or mycotoxins . Some of these 
conditions are caused by exposure to bioaerosols containing whole or parts of viruses, 
fungi, bacteria, or protozoans (56). Typical sources of biological contaminants are 
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humidification systems, cooling towers, drain pans or filters, other wet surfaces, or water 
damaged building material. Symptoms may be specific or mimic symptoms commonly 
associated with the flu, including fever, chills, and cough. Serious lung and respiratory 
conditions can occur (19). 
2.3.3 Multiple Chemical Sensitivity (MCS) 
It is generally recognized that some persons can be sensitive to particular agents 
at levels which do not have an observable affect in the general population. In addition, it 
is recognized that certain chemicals can be sensitizers in that exposure to the chemical at 
high levels can result in sensitivity to that chemical at much lower levels (53). 
Multiple Chemical Sensitivity (MCS) — also known as idiopathic environmental 
intolerances (IEI) — is defined as a disorder with multiple somatic and psychological 
symptoms attributed to low levels of various, chemically unrelated substances in the 
environment. Self-reported chemical odor sensitivity is an important feature of MCS 
(57). 
Studies showed that there are at least three possible explanations for the existence 
of this syndrome: (1) The syndrome may result from the interaction of environmental 
factors, individual susceptibility and psychological factors (i.e., how they are perceived 
and seen by the patient); (2) it may reflect socially and culturally accepted methods of 
expressing distress; and/or (3) it maybe iatrogenic (58). 
The economic consequences of the SBS and BRI are decreased productivity, 
absenteeism and the legal implications if worker IAQ complaints are left unresolved. 
While there is no proof that maximum comfort leads to maximum productivity, there is 
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ample evidence that an improved environment decreases worker complaints and 
absenteeism thus directly enhancing productivity. 
2.3.4 Asthma 
Asthma is a disease that affects the respiratory airways of the lung. It is 
characterized by severe episodes constriction of bronchial tubes, which results in chest 
tightness, shortness of breath, coughing, and wheezing. The prevalence of asthma in the 
U.S. has been estimated to be about 4.3% or about 12 millions individuals a year 
experiencing mild severe asthmatic symptoms. The increase in the prevalence of asthma 
has been disproportionately higher in females, particularly for black females (prevalence 
rate 6%). The prevalence rate for white females is about 4.7%. (59). 
In a large study of asthma symptoms in 1410 school employees in 38 Swedish 
schools, Smedje, et al. (1996) found no statistically significant relationships (at the 95% 
confidence level) between asthma and many commonly measured environmental factors, 
e.g., CO2, air exchange rates, humidity. However higher concentrations of molds and of 4 
microbial VOCs were significantly related to asthma in the 1410 school employees, even 
after controlling for other factors, i.e., allergies, stressful work situation, and recent 
repainting of homes. More recently, Smedje, et al. (1997) reported statistically significant 
relationships between current asthma in secondary school pupils and school exposures to 
formaldehyde, VOCs (sum of 14 compounds, 1 week sample), viable bacteria (in air), 
viable molds (in air) and cat allergen in settled dust. Evidence of a dose-response 
relationship with these variables was also reported (45). 
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2.4 Health Effects Associated With Molds 
Inhalation of fungal spores, fragments (parts), or metabolites (e.g., mycotoxins 
and volatile organic compounds) from a wide variety of fungi may lead to or exacerbate 
immunologic (allergic) reactions, cause toxic effects, or cause infections (60) (61). 
There are only a limited number of documented cases of health problems from 
indoor exposure to fungi. The intensity of exposure and health effects seen in studies of 
fungal exposure in the indoor environment was typically much less severe than those that 
were experienced by agricultural workers but were of a long-term duration (62). 
Illnesses can result from both high level, short-term exposures and lower level, 
long-term exposures. The most common symptoms reported from exposures in indoor 
environments are runny nose, eye irritation, cough, congestion, aggravation of asthma, 
headache, and fatigue (63). 
2.4.1 Immunological Effects 
Immunological reactions include asthma, Hypersensitivity Pneumonitis (HP), and 
allergic rhinitis. Contact with fungi may also lead to dermatitis. It is thought that these 
conditions are caused by an immune response to fungal agents. The most common 
symptoms associated with allergic reactions are runny nose, eye irritation, cough, 
congestion, and aggravation of asthma (64). HP may occur after repeated exposures to an 
allergen and can result in permanent lung damage. HP has typically been associated with 
repeated heavy exposures in agricultural settings but has also been reported in office 
settings (62). Exposure to fungi through renovation work may also lead to initiation or 
exacerbation of allergic or respiratory symptoms. 
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2.4.2 Toxic Effects 
A wide variety of symptoms have been attributed to the toxic effects of fungi. 
Symptoms, such as fatigue, nausea, and headaches, and respiratory and eye irritation have 
been reported. Some of the symptoms related to fungal exposure are non-specific, such as 
discomfort, inability to concentrate, and fatigue (61). Organic Dust Toxic Syndrome 
(ODTS) or describes the abrupt onset of fever, flu-like symptoms, and respiratory 
symptoms in the hours following a single, heavy exposure to dust containing organic 
material including fungi. It differs from HP in that it is not an immune-mediated disease 
and does not require repeated exposures to the same causative agent. ODTS may be 
caused by a variety of biological agents including common species of fungi (e.g., species 
of Aspergillus and Penicillium). ODTS has been documented in farm workers handling 
contaminated material but is also of concern to workers performing renovation work on 
building materials contaminated with fungi (65). 
Some studies have suggested an association between Stachybotrys chartarum and 
pulmonary hemorrhage/hemosiderosis in infants, generally those less than six months 
old. Pulmonary hemosiderosis is an uncommon condition that results from bleeding in 
the lungs. The cause of this condition is unknown, but may result from a combination of 
environmental contaminants and conditions (e.g., smoking, fungal contaminants and 
other bioaerosols, and water-damaged homes), and currently its association with SC is 
unproven (66). 
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2.5 Recommended Guidelines and Standards 
Indoor environments (IE) are subject to a wide variety of contamination problems 
associated with natural or anthropogenic source that may adversely affect the health and 
wellbeing of the occupants. The guidelines are intended to provide background 
information and guidance to governments in making risk management decisions. 
The setting, promulgation, and enforcement of air quality standards (AQSs) is the 
primary regulatory mechanism used to reduce exposures to targeted contaminants in the 
ambient air environment in the U.S. An AQS is the maximum permissible air 
concentration of a regulated pollutant. This numerical limit is selected to provide health 
protection to both the general population and those who are at special risk (30). 
An alternative to using AQSs to achieve and maintain acceptable IE quality is to 
use health guidelines developed by government agencies, world bodies such as the World 
health Organization (WHO), or professional groups such as ASHRAE. Health guidelines 
do not have regulatory standing. As such, compliance is voluntary (67). Some of the 
guidelines are presented in Table 1. 
28 
Table 1. Recommended Guidelines for Indoor Environments 
Parameter 
Selected Physical Parameters 
Temperature 
Relative Humidity 
Air Movement 
Ventilation (C02) 
Ventilation 
(airflow) 
Limit/Range Reference 
Summer: 73 - 79 F° ASHRAE 55 
Winter: 68 - 74.5 F° 
30% - 60% 
0.8 ft/s 
ASHRAE 55 
World Health Organization (WHO) 
650 ppm over 
ambient 
1,000 ppm maximum 
15 CFM/person. 
ASHRAE 62 
Selected Chemical Parameters 
Carbon Monoxide 25 ppm 
9 ppm 
ACGM TLV 2001 
EPA - National Ambient Air Quality 
Standard 
Total Volatile Organic 
Compounds 
-> , 3 ^ ,
 N Molhave, 1990 (no current government 3 mg/m (0.64 ppm) ^ ^ 
Selected Biological Parameters 
„ . ,
 r i 3, , , Robertson 1997 (no current government Fungal Bioaerosols 300 cfu/m total ,
 1N 
° standard) 
•3 
50 cfu/m individual 
Bacterial Bioaerosols 
500 cfu/m : 
dominated by gram + WHO 
organisms 
OSHA Title 29 CFR 1910.1000 Standards for Air Contaminants (88) 
ASHRAE Standard 62-1989 Ventilation for Acceptable Air Quality (86) 
ACGIH Threshold Limit Values for Chemical Substances 
There are no federal regulations in the United States that cover IAQ. Even though 
Occupational Safety and Health Administration OSHA estimates that of more than 70 
million Americans working indoors (some 21 million are exposed to poor indoor air), the 
agency has yet to implement guidelines it proposed in 1994. (If the regulations went into 
effect, OSHA could fine companies that violated them.) OSHA's proposed regulations 
would have done some of the following: 
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The Environmental Protection Agency (EPA) does not have any statutory role in 
the enforcement of IAQ. However, there has been legislation presented in Congress that 
would require the EPA to create a voluntary program to certify indoor air contractors, but 
this legislation has never passed (68). ASHRAE has its ventilation standards for 
commercial and industrial users, they are mostly voluntary. The only exception is if local 
governments adopt ASHRAE standards into their local building codes. ASHRAE's initial 
standard 62-1989, "Ventilation for Acceptable Indoor Air Quality" defined acceptable 
indoor air quality as "air in which there are no known contaminants at harmful 
concentrations as determined by cognizant authorities and with which a substantial 
majority (80% or more) of the people exposed do not express dissatisfaction." However, 
this guideline did not, and could not assure that no adverse health effects will occur. The 
1989 standard has been replaced by ASHRAE standard 1999, which specifies minimum 
ventilation rates and acceptable indoor air quality. This standard is intended to minimize 
the potential for adverse heath effects among building occupants. It is applicable to all 
occupied spaces except where other standards exist. Physical, chemical, and biological 
contaminants are considered in the standards. The standard is being split to address low-
rise residential buildings and all other buildings, separately. 
In general, the ASHRAE standard indicates that carbon dioxide levels less than 
800 ppm will indicate that sufficient ventilation is being supplied to the building for the 
populations. Since people give off carbon dioxide when they breath, the level of it found 
in buildings is an indicator of whether or not sufficient ventilation is present to dilute it 
and flush it out of the building. The inference can be made that if carbon dioxide is high 
in buildings, other pollutants also can be elevated and insufficient outdoor air is being 
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brought into the building. It is also important to control humidity levels to less than 60-
65% to control the growth of mold (5). 
A useful method for interpreting microbiological results is to compare the kinds 
and levels of organisms detected in different environments. Usual comparisons are 
indoors to outdoors or complaint areas to non-compliant areas. Specifically, in buildings 
without mold problems, the qualitative diversity (types) of airborne fungi indoors and 
outdoors should be similar. Conversely, the dominating presence of one or two kinds of 
fungi indoors and the absence of the same kind outdoors may indicate a moisture problem 
and degraded air quality (69). Also, the consistent presence of certain fungi such as 
Stachybotrys chartarum, Aspergillus versicolor, or various Penicillium species over and 
beyond background concentrations may indicate the occurrence of a moisture problem 
and a potential atypical exposure. Generally, indoor mold types should be similar and 
levels should be no greater than outdoor and noncomplaint areas. Analytical results from 
bulk material or dust samples may also be compared to results of similar samples 
collected from reasonable comparison areas (70). 
Summary 
The available measurements of environmental or comfort parameters suggest that, 
based upon the current ASHRAE ventilation standard, many classrooms buildings are not 
following the propose guidelines. Although, results from the few studies in schools have 
been inconsistent in associating ventilation rates or CO2 concentrations and health 
symptoms, a broad literature review for indoor environments more generally suggests a 
consistent relationship (41). 
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Although outdoor fungi do not penetrate easily into large buildings with complex 
ventilation systems, the outdoor aerosol still may dominate indoors (20). 
Fungal exposures have been documented to cause allergic diseases (e.g., allergic 
rhinitis and asthma, hypersensitivity pneumonitis), toxicoses (e.g., aflatoxicoses, 
ergotism), irritation (e.g., mucous membrane or skin irritation), and infections (e.g., 
histoplamosis, blastomycosis) (71)(72) (73) and have been blamed for nonspecific 
building-related symptoms (BRSs) (74). BRS refers to symptoms that cannot be 
associated with an identifiable cause but that appear to be building related, including 
headache, irritation of the eyes, nose, and throat, lethargy, nausea, dizziness, and chest 
tightness (75). 
The lack of meaningful and acceptable fungi in exposure limits for indoor air is a 
major obstacle to establishing regulatory standards for individual exposure to airborne 
contaminants. The current study provide quantitative and qualitative data regarding the 
relationship between occupants' building IAQ perceptions and health symptoms based on 
the characterization of baseline conditions and fungi levels at their workplace. 
CHAPTER III 
METHODS AND PROCEDURES 
Study Design 
In summer 2004, an assessment of the indoor air quality conditions and health 
concerns of three campus buildings was conducted. Data collection was initiated after 
approval from the Human Subjects Review Board (HSRB) was obtained and permission 
received from building coordinators of selected buildings at Western Kentucky 
University. The assessment consisted of an initial walkthrough inspection (for the 
presence of moisture/dampness, odors and potential biological contaminants) followed by 
air sampling for IAQ parameters, and fungi of selected offices and rooms that were 
randomly selected from complain and non complain areas at each building. Additionally 
an indoor air quality questionnaire and a letter explaining the purpose of the project were 
sent to each of the building coordinators. These individuals then sent the material by 
email to all faculty and staff members within their buildings. The scheme of the 
methodology process is shown in Figure 1. A total of 90 offices and rooms were included 
in the study. Primary emphasis of this research related to the role of bioaerosol exposure 
on health complaints at the workplace and relates our findings to simultaneously 
collected environmental measurements according to the following hypothesis: 
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1. Selection and recruiting of buildings on 
campus. 
2. Self - administered questionnaire 
-Complaint, non-complain 
- Historical records 
-28 item questionnaire: 14 
'yes' or 'no' questions and 14 
open-ended questions related 
to IAQ and associated 
symptoms experienced 
3. Initial walkthrough inspection 
4. Select study areas and monitoring locations. 
-Collect background 
information on building. 
-Potential indoor sources of 
contamination 
-Identify and select potential 
studv areas 
5. Monitoring and Air sampling 
Environmental parameters Fungi 
Carbon Dioxide (ppm) 
Relative Humidity (%) 
Temperature (°F) 
Dew point (°F) 
AQ Quest 5001 ProTM 
Culturable Fungi 
(CFU/m3) 
Single-stage Aerotech 
microbial impactor 
Total (Viable and non 
Viable) Fungi 
(Counts/m3) 
Air-o-cell Cassette 
6. Collection of primary data 
I I 
7. Analysis of Data 
Figure 1. Scheme of the Methodology Process 
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Research Question: By stating the primary research question a supporting null 
hypothesis was developed. The primary research question was: Is there a potential 
association between perceived work-related health symptoms and levels of basic 
IAQ parameters and fungi? 
Null Hypothesis: There is no association between perceived work-related health 
symptoms and levels of basic IAQ parameters and fungi. 
Alternative Hypothesis: There is an association between perceived work related 
health symptoms and levels of basic IAQ parameters and fungi. 
3.2 Office Buildings and Study Population 
The campus buildings used for the study were on the campus of Western 
Kentucky University located in Bowling Green, Kentucky. All three buildings included 
in the study represent two complaint and one non-complaint building based on 
documented information provided by the building coordinator and the director of 
Environmental health and Safety (EHS). Each selected building was characterized in 
terms of location, physical structure, ventilation occupant activities and potential indoor 
sources. Monitoring sites were defined based on responses to the questionnaire and 
information obtained from the initial walkthrough inspection that provided background 
information and visual appreciation of the design of the building areas and potential 
sources of contamination. 
The inspection was carried out with a checklist recording various types of visible 
moisture signs. We inspected the building exterior and surrounding air intakes, air 
diffusers, ceiling tile and any other areas affected by moisture that might be a potential 
source of biological contamination. Building A (JJH) (non-complaint) was monitored on 
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May 26 and May 27. Building B (TPH) (complaint) was monitored on May 25 and from 
July 12 to July 16 and Building C (STH) (complaint) was monitored on May 28 and 
August 20. 
Buildings A and B (JJH and TPH) have heating and cooling systems that consist 
of central air handling units located on the roof of each building. The units supplied 
conditioned air to the interior spaces in the building via ceiling air diffusers. Both of the 
buildings share a circular shape envelope. The third building (STH) relies on individual 
air handling units with operable windows and it has a rectangular shape envelope. 
JJH has one level and was completed in 1969. Offices and classrooms are located 
along the corridors and some offices are in suites. The offices are carpeted with interior 
walls made of sheet rock materials. In the interior are located: Center for Mathematics, 
Science & Environmental Engineering, Campus Child Care, Diagnostic Net 
Coordination Center, Educational Opportunity Centers, Student Support Services, Talent 
Search Program, Upward Bound Program, and Veterans Upward Bound. 
TPH has four floors and was completed in 1970. Offices are located along 
corridors with carpeted floors and interior walls made of sheet rock materials. In the 
interior are located: the College of Education and Behavioral Sciences, Center for 
Instructional Technology, Duplicating Services, Educational Leadership, Educational 
Resources Center, Educational Technology, School of Integrative Studies in Teacher 
Education, The Training and Technical Assistance Center (T/TAS), and Teacher 
Education and Training Projects. 
STH has four floors and was completed in 1925. Faculty and staff offices, 
engineering laboratories and classrooms are located in long corridors, most offices are 
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located within suites. Most of the occupied spaces included in the study have operable 
windows. The heating and cooling systems consist of unit ventilators located under 
windows. All offices have floor carpet and interior walls with sheet-rock materials and 
the classrooms and corridors have tiles. The building was renovated in 1972. STH is one 
of the oldest buildings on campus and is scheduled to be remodeled as part of a 
renovation/expansion project of Western's science complex. In the interior are located: 
Engineering Technology, Public Health, The Kentucky Emergency Medical Services 
Academy (KEMSA), Environmental Health and Safety Resource Center (EHSRC), Area 
Health Education Center (AHEC), and the Health Occupations Students of America 
(HOSA). 
3.3 Environmental Sample Collection 
Integrated samples for environmental parameters including carbon dioxide which 
concentrations were expresses in parts per million (ppm) , carbon monoxide, relative 
humidity as a percentage (%), temperature and dew point were expressed in Fahrenheit 
degrees (F°), were collected at selected offices in each building. The samples were 
collected over a period of approximately five hours each day using the Quest 5001 Pro ™ 
IAQ monitor (Quest Technologies, Oconomowa, Wisconsin). The Quest 5001 Pro ™ is a 
direct reading instrument with data-logging capabilities. At the end of each sampling, the 
data were uploaded into a computer for further analysis. Indoor samples were collected 
by placing the monitor centrally in each study area approximately one meter above the 
floor. An outdoor sample was collected each day for comparison of indoor samples. The 
Quest AQ5001Pro IAQ monitor is equipped with two sensors a carbon monoxide sensor 
and a CO2 sensor enclosed in a tamper resistant, custom Pelican™ case. The CO2 sensor 
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is an infrared sensor that requires air to be drawn through it to produce a quick and 
accurate measurement of the level of CO2 in the air. The sensors were calibrated prior 
the monitoring. 
3.4 Culturable Fungi 
Samples for airborne culturable fungi were collected from selected indoor and 
outdoor locations using a single-stage Aerotech microbial impactor. Air samples were 
collected at approximately one meter above the floor. The impactor was calibrated at a 
flow rate of approximately 28.3 liters per minute (L/min). Prior to sample collection, the 
impactor was disinfected with 70% isopropyl alcohol swabs and allowed to air dry. The 
Single Stage (N6) Microbial Sampler was designed by NIOSH (National Institute for 
Occupational Safety and Health) for estimating the total concentration of viable airborne 
microorganisms. The sampler has been used for collecting a wide range of airborne 
fungal concentrations (10 to 3,000 CFU/m3) and found to be comparable to the standard 
6-stage impactor in terms of both precision and accuracy for estimating total airborne 
fungal concentrations. Each sample was collected on malt extract agar (MEA) for ten 
minutes yielding a total volume of 283 liters. A total of 24 indoor culturable plates were 
collected during the study. Three outdoor samples were also collected for comparison of 
indoor samples. Each area was sample once. After sample collection, each plate was 
sealed in a Ziploc plastic bag and was put in a Styrofoam box and shipped via overnight 
express mail to Wisconsin Occupational Health Laboratory (WOHL), Madison 
Wisconsin, for fungal count and identification. WOHL is licensed by the American 
Industrial Health Association (AIHA). The N6 also meets specifications developed by the 
American Conference of Governmental Industrial Hygienists (ACGIH) Committee on 
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Bioaerosols for the sampling and assessment of bioaerosols in the workplace. The results 
were reported as colony forming units per cubic meter of air (CFU/m3). All culturable 
fungi were identified to the genus or species level and the prevalence rate reported in 
percentage. 
3.5 Bioaerosol Sampling (viable and non-viable fungi) 
Bioaerosol samples were collected using the Zefon™ air-O-Cell cassettes. The 
Zefon Bio-Pump® is a portable, battery powered pump that provides a simple and 
convenient way to sample with Air-O-Cell® cassettes.The Air-O-Cell is a unique 
sampling cassette specifically designed for the rapid collection and quantitative analysis 
of a wide range of airborne aerosols. It collects both viable and non-viable particulates 
such as mold spores, pollen, insect parts, skin cell fragments, fibers, and inorganic 
particulates. Prior to sampling, the pump was calibrated at a flow rate of 15 L/min. 
Sampling occurred over a period of 10 minutes at each indoor location. An additional 
sample was collected from the outdoor of each building for comparison of indoor 
samples. A completed chain of custody form, along with the cassettes, were placed in a 
styrofoam box and sent to Kingston Laboratory, Kansas City, MO. for analysis. 
3.6 Bulk Sampling 
Bulk samples were collected from selected areas with visible mold contamination 
by scraping or cutting materials with a clean knife. A total of three samples were taken 
only in TPH, two of them from the ceiling tiles and one from the fiberglass cover that 
presented signs of presumable mold contamination. The samples were collected in a 
clean plastic bag, labeled and sent to Kingston laboratory for identification. 
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3.7 Instrument 
3.7.1 Questionnaire 
A twenty-eight item questionnaire was developed and sent to the Western 
Kentucky University Human Subjects Review Board (HSRB) for approval. The 
questionnaire received expedited review and was subsequently approved by the board for 
distribution to all faculty and staff in the three buildings. Through the building 
coordinators the questionnaire along with a cover letter that explained the purpose of the 
study, was sent via e-mail to all faculty and staff in TPH, STH and JJH. 
The 28 item questionnaire contained 14 'yes' or 'no' questions and 14 open-ended 
questions related to IAQ and associated symptoms experienced (see Appendix - A). 
Participant responses were used to determine the type of building, the main concerns 
regarding their IAQ and the types of health complaints if any. 
A total of 53 completed and returned questionnaires were collected and entered in 
a data base for further analysis. A code book was developed for the questionnaire to 
establish the variable names and their quantification. To this end, any "yes" response 
was assigned a value of "1", and a "no"response was assigned a value of "0". The 
responses to all the open-ended questions were recorded in a separate document, and a 
"See List" was developed for further coding. The items in the See list were placed in 
groups according to commonality and assigned numeric value labels, respectively. Each 
group was assigned a unique label and each entry in a particular group was coded based 
on an agreed upon system, by all responses to the questionnaires. Data entry and coding 
was done using SPSS. 
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3.8 Data Analysis 
Data were collected over summer 2004, from May to August 2004, at three 
different buildings on campus. Data were entered into the computer using Microsoft 
Excel Spread sheets and further analyzed using the Statistical package for the Social 
Sciences (SPSS). Descriptive statistics were used to describe environmental 
measurements for each parameter and compared between non-complaint and complaint 
buildings. For RH, temperature and carbon dioxide, we used averages during working 
hours (approximately 9 am to 4 pm) per sampling week per building. Fungal 
concentrations indoor as well as outdoor samples for each building were analyzed 
separately using descriptive statistics, such as median and mean. Qualitative and 
quantitative results were compared by buildings, and indoor air versus outdoor air. 
Analyses of variance (ANOVA) was used to analyze the difference in IAQ parameters in 
the three different buildings on campus. The statistical significance level was set at 0.05 
probability level to determine if there were statistically significant differences when p > 
.05 between complaint and non-complaint buildings on campus regarding environmental 
parameters as well as fungal concentrations for both indoor and outdoor air. 
3.9 Fungal Concentrations and Statistical Analysis 
Indoor and outdoor samples for each building were analyzed separately using 
descriptive statistics, such as median and mean. Qualitative and quantitative results were 
compared by buildings and indoor air versus outdoor air. Buildings were defined as 
complaint (STH and TPH) and non-complaint (JJH). 
CHAPTER IV 
RESULTS 
4.1 Description of Sample 
The purpose of the study was to examine and characterize parameters commonly 
associated with indoor air quality at three different buildings on campus. The study also 
analyzed occupant's perceptions of health symptoms and indoor air quality at their 
workplace as well as evaluated the role of fungi on health related symptoms at work. The 
results of this study were obtained from an exploratory analysis of questionnaires and air 
samples of environmental parameters including carbon monoxide, carbon dioxide, 
relative humidity, temperature, dew point and fungal concentrations. Data collected in 
summer 2004 are presented in Tables 2 to 4. The results of graphical data analysis 
provided a useful illustration of the differences between complaint and non complaint 
buildings, while the results of statistical analysis presented a good assessment of the 
distribution of the data and test for hypotheses previously stated. 
4.2 Walkthrough Inspection 
Based on the findings from the walkthrough inspection, TPH showed more 
evidence of moisture incursion and water-stained ceiling tiles and other materials. STH 
is a 79 year old building while TPH and JJH are 34 and 35 years old respectively. 
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4.3 Questionnaires 
Overall, a total of fifty three (N= 53) questionnaires from the selected buildings 
were returned. Some respondents did not provide complete information, which accounts 
for the observed variations in the number of responses in the various categories. Based 
on the responses, 41% of the occupants were faculty (n= 21) and 59 % were staff (n= 30). 
The response rate was 35 %, (n= 18) for each STH and TPH, and 30 %, (n= 17) for JJH. 
In response to the question "Have you experienced any problem with the air 
quality in your area?", 71% (n= 35) of the responses indicated they were dissatisfied with 
the air quality in this area. Table 2 provides detailed information of the most common 
IAQ complaint reported: allergies, 27% (n=8); mold, 27% (n= 8); dust in the air, 17% (n= 
5); temperature, 13% (n= 4); lack of airflow or stuffiness 10% (n= 3); and physical 
symptoms (headaches, sinusitis and asthma) 7% (n= 2). 
Table 2. Common IAQ Complaints from Respondents 
Variable Frequency Percent 
Allergies 8 26.7 
Mold 8 26.7 
Dust 5 16.7 
Temperature 4 13.3 
Lack of Air 3 10 
Physical Symptoms 2 10 
Table 3 shows the frequency and proportion of reported signs and symptoms of 
building-related health effects for eyes, nose, throat, skin, respiratory system, and others. 
The results are as follows: eye (dryness= 38%, irritation= 49%, burning= 36%); nose and 
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throat (dryness= 28%, runny nose= 41%, congestion= 57%); skin (dryness= 40%, 
irritation=13%, itching= 28%); respiratory system (breathlessness= 17%, chest tightness= 
17%, wheezing= 13%); others (fatigue= 40%, headaches= 55%, and difficulty 
concentrating= 28%). 
Table 3. Frequency of Reported Health Symptoms 
Variable Frequency Percent 
Eye 
Eye irritation 26 49 
Eye dryness 20 38 
Eye burning 19 36 
Nose and Throat 
Nose and Throat Congestion 30 57 
Nose and Throat Runny Nose 22 41 
Nose and Throat Dryness 15 28 
Skin 
Skin Dryness 21 40 
Skin Itching 15 28 
Skin Irritation 7 13 
Respiratory System 
Respiratory Breath less ness 9 17 
Respiratory Chest Tightness 9 17 
Respiratory Wheezing 7 13 
Others 
Headaches 29 55 
Fatigue 21 40 
Difficulty Concentrating 15 28 
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In response to the question "When do these problems first occur?" responses 
ranged from all day (58%, n= 23); afternoon (17%, n= 7); morning (10%, n= 4); 
everyday (10%, n=4); and seasonally or occasionally (5%, n=2). A number of 
respondents indicated that their problems tend to get worse seasonally (33%, n= 6) while 
others reported symptoms that were "worse in summer rainy days and bad on dry winter 
days when the heat is on." Of the 12 respondents (75%) indicated that their symptoms 
improved upon leaving the building. Two respondents (17%) reported that their 
symptoms improved when they open the window and one (8%) when taking medication 
for eye and nasal conditions. This fact was confirmed when asked about "When 
symptoms go away." Sixty-three percent reported that symptoms go away when they 
went out of the building; 17% noted seasonal change. Taking medications (12%, n=3), 
and using a dehumidifier or opening the window (4.2%, n=2) were also associated with 
symptoms going away. 
Most of the respondents (52%, n= 12) were very likely to report mold as their 
main allergen, the next most common allergen was a mixture of pollen dust and mold 
(22%, n= 5) followed by pollen (17%, n= 4) and dust (9%, n=2). When asked about 
allergy symptoms, respondents considered itchy eyes as the main symptom (42%, n=5), 
this was followed by congestion (25%, n= 3), headache (17%, n= 2), sneezing and runny 
nose (8%> respectively) (n= 2). When asked about their current chronic respiratory 
problems, the most frequently reported answer was "none" (74%, n= 31); asthma (17%, 
n= 7); and bronchitis (9%, n= 4). More than half of the respondents (56%) (n=27)have 
not notified their supervisor about the air quality in their area whereas 44% (n=41) have. 
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Questions regarding duration at their workplace revealed that the majority of the 
respondents have worked from one to five years (38%, n= 20); in this current building; 
23% (n= 12) had worked in this building between six and ten years, while from more 
than twenty years (11%, n= 6); less than a year (10%, n= 5); from eleven to fifteen years 
(10%, n= 5); and sixteen to twenty years (8%, n= 4). For most part, respondents share 
their workplace with seven to ten people (28%, n= 15). All the people who participated 
(100%) in the survey stated that they do not smoke tobacco or live with a smoker. Major 
electrical and chemical appliances in their work area consisted of computers (42%, n= 
17); printers (37%, n= 15); and a combination of printer-computer-fax (12%, n= 5). 
Information regarding comfort parameters is presented in Table 4. This table 
shows the different answers regarding the frequency of reported IAQ parameters in terms 
of airflow, vents and the relationship between temperature and humidity / air movement. 
In response to the question "Is the temperature/humidity comfortable in your area?" and 
"Can you control the temperature and/or air movement in your area?", respondents 
generally said "no" (73%, n= 38); or answers like "it is always either too hot or too cold" 
or " I have two effective settings: freezing or dry toasting" were found. 
When asked about floor covering in their work environment, most of the 
respondents acknowledged that their workplace was carpeted (81%, n= 43). When asked 
if the carpet has been recently cleaned and/or shampooed 64% (n= 18) admitted that had 
been a long time since somebody cleaned their carpet while 36% (n= 10) reported that 
their carpet was cleaned at least once a year. 
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Table 4. Frequency of Reported Presence of IAQ Parameters 
Variable Frequency Percent 
Visible Airflow Vent 
Yes 40 85 
No 7 15 
Vent Blocked or Covered 
Yes 8 24 
No 25 76 
Air Movement 
Yes 25 62 
No 15 37 
Temperature/Humidity Comfort 
Yes 14 27 
No 38 73 
Control of Temperature and/or Air Movement 
Yes 14 27 
No 38 73 
When asked about any odors in their offices 74%, (n= 38) said "no". Of those 
who did report odors, the most common odor was mold 87%, (n= 7) followed by 
stuffiness 12%, (n= 1), others respondents 14% (n= 7) reported the use of cosmetics at 
their workplace within this group, 3 respondents (6.4%) smell strong perfume followed 
by candles and air fresheners (2.1%, n=2). 
4.4 Environmental Measurements 
4.4.1 Descriptive Statistics 
Table 5 shows the results of descriptive statistics obtained with the SPSS 
program. A total of twenty one sampling events were analyzed for each IAQ parameter. 
Ten of these events were made at TPH, four at STH, and four at JJH. For RH, 
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temperature, CO2 and DP, the results of five-minutes averaging time intervals for a 
sampling period of 5 hours of data logged measurements were analyzed for each 
building. Detailed information is contained in Table 6. 
Table 5.Distribution of Environmental Measurements 
Environmental Variables N Mean ± SD Median Minimum Maximum 
STH 
Indoor C0 2 (ppm) 19,160 479 ± 106 458 355 1,663 
Outdoor C0 2 (ppm) 1 387 
Temperature (°F) 19,160 75 ± 2 75 70 80 
Relative Humidity (%) 19,160 54 ± 11 54 35 79 
Dew point (°F) 19,160 56 ± 6 58 46 68 
TPH 
Indoor CO2 (ppm) 
Outdoor CO2 (ppm) 
Temperature (°F) 
Relative Humidity (%) 
Dew point (°F) 
JJH 
Indoor CO2 (ppm) 19,160 826± 199 784 414 1,793 
Outdoor CO2 (ppm) 1 380 
Temperature (°F) 19,160 73 ± 2 73 67 77 
Relative Humidity (%) 19,160 55 ± 5 55 19 64 
Dew point (°F) 19,160 55 ± 4 56 29 61 
C02 RH Temp. DP. 
ASHRAE Guideline * <700 ppm b 30-60% 73-79 F 50-65 °F 
a
 ASHRAE Standard 55-2004 ~ Thermal Environmental Conditions for Human 
Occupancy. b " ASHRAE Standard 62-2001: Ventilation for Acceptable Indoor Air 
Quality. 
19,160 614 ± 125 604 399 1,446 
1 388 
19,160 75 ± 3 75 67 81 
19,160 56 ± 4 54 47 72 
19,160 58 ± 2 57 52 63 
Table 6. Statistics for Environmental Parameters 
Descriptives 
95% Confidence Interval for 
Mean 
N Mean Std. Deviation Std. Error Lower Bound Upper Bound Minimum Maximum 
C02 STH 19160 478.96 106.559 .770 477.45 480.47 355 1663 
JJH 19160 825.83 198.692 1.435 823.02 828.65 414 1793 
TPH 19160 614.24 125.516 .907 612.46 616.01 399 1446 
Total 57480 639.68 206.332 .861 637.99 641.36 355 1793 
R.H STH 19160 53.83 11.263 .081 53.67 53.99 35 79 
JJH 19160 54.67 5.406 .039 54.60 54.75 19 64 
TPH 19160 55.68 4.284 .031 55.62 55.74 47 72 
Total 57480 54.73 7.663 .032 54.66 54.79 19 79 
Temp STH 19160 74.68 2.235 .016 74.64 74.71 70 80 
JJH 19160 73.01 2.439 .018 72.97 73.04 67 77 
TPH 19160 74.61 2.789 .020 74.57 74.65 67 81 
Total 57480 74.10 2.615 .011 74.08 74.12 67 81 
D.P STH 19160 56.29 6.191 .045 56.20 56.37 46 68 
JJH 19160 55.49 3.807 .028 55.43 55.54 29 61 
TPH 19160 57.59 2.184 .016 57.56 57.62 52 63 
Total 57480 56.46 4.466 .019 56.42 56.49 29 68 
Test of Homogeneity of Variances 
Levene 
Statistic df1 df2 Sig. 
C02 4426.813 2 57477 .000 
R.H 8968.422 2 57477 .000 
Temp 70.939 2 57477 .000 
D.P 9555.249 2 57477 .000 
49 
4.4.1.1 Carbon Dioxide 
The mean CO2 levels for the three buildings were 479 ppm (median= 458 ppm), 
826 ppm (median= 784 ppm) and 614 ppm (median= 604 ppm) for STH, JJH and TPH, 
respectively. Box plots in Figure 2 are associated with detailed information in Table 
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Figure 2. Box Plots of CO2 Levels (ppm) 
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4.4.1.2 Temperature 
The mean and median room temperatures for the three buildings were 75 F° 73 F° 
and 75 F° for STH, JJH and TPH, respectively. Box plots in Figure 3 are associated with 
detailed information in Table 5. 
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4.4.1.3 Relative Humidity 
The mean and median percentages of relative humidity for the three buildings 
were 54%, 55%, and 56% for STH, JJH and TPH, respectively. Box plots in Figure 4 are 
associated with detailed information in Table 5. 
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Figure 4. Box Plots of Percentages of Relative Humidity (%) 
4.4.1.4 Dew Point 
The mean DP levels for the three buildings were 56 F° (median= 58 F°), 55 F° 
(median= 56 F°), and 58 F° (median= 57 F°), for STH, JJH and TPH, respectively. Box 
plots in Figure 5 are associated with detailed information in Table 5. 
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Figure 5. Box Plots of Percentages of Dew Point (F°) 
4.4.2 Pearson Correlation 
Pearson correlation was used to examine the relationship between environmental 
parameters. The results are presented in Table 7. There was a significant positive 
correlation between relative humidity and dew point (r=0.930) ( p=0.5, P=0.1) for STH 
and JJH, respectively. There was a positive relationship between temperature and dew 
point (r=0. 40, P=0.01) in JJH and a positive relationship between temperature and dew 
point (r=0. 626, P=0.01) in TPH. However there was a negative relationship between 
temperature and relative humidity (r=- 0.619, P0.01=) in TPH and (r=-0.243, P= 0.01) in 
Building 
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Table 7. Pearson Correlation of Environmental Measurement 
C02 R.H. Temp. D.P. 
STH (N= 76,200) 
co2 1 -.514(**) .215(**) -.394(**) 
R.H. -,514(**) 1 .029(**) .930(**) 
Temp. ,215(**) .029(**) 1 .386(**) 
D.P. -.394(**) ,930(**) .386(**) 1 
JJH (N= 29,400) 
C0 2 1 .179(**) -,040(**) ,138(**) 
R.H. ,179(**) 1 -.243(**) .777(**) 
Temp. -.040(**) -,243(**) 1 .401(**) 
D.P. ,138(**) ,777(**) ,401(**) 1 
TPH (N= 184,600) 
co2 1 .023(**) -,113(**) -.117(**) 
R.H. .023(**) 1 -.619(**) ,222(**) 
Temp. -,113(**) -,619(**) 1 .626(**) 
D.P. -.117(**) ,222(**) .626(**) 1 
** Correlation is significant at the 0.01 level (2-tailed). 
4.4.3 Analysis of Variance (ANOVA) 
Prior to using ANOVA, graphs of the mean and standard error were obtained. 
The environmental measurements appeared to vary for each measured parameter at each 
building. For example, the average CO2 levels and relative humidity were higher in JJH 
than TPH and STH. On the contrary, the average temperature was higher in TPH than 
STH and JJH. The average dew point was higher in TPH than JJH and STH, but 
variation in DP decreases at the same time. The assumption of the ANOVA that there is 
equality of variance across groups may not hold true for the data collected during the 
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study. Analysis of variance (ANOVA) were conducted for the two complaint buildings 
(STH and TPH) and the non-complaint building (JJH)) as the independent variable 
against four dependent variables (carbon dioxide, relative humidity, temperature and dew 
point). Table 8 presents mean by levels of environmental measurements by building 
complaint groups. 
Table 8. Comparison of Mean Levels of Environmental Parameters by Groups 
Sum of df Mean F Sig. 
Squares Square 
C0 2 Between 
Groups 
1.2 x 10y 2 5.8 x 10s 26,400 .000 
Within Groups 1.3 x 109 57,500 2.2 x 10 
Total 2.4 x 109 57,500 
RH Between 
Groups 
33,000 2 16,500 283 .000 
Within Groups 3.3 x 106 57,500 58 
Total 3.3 x 106 57,500 
Temp Between 
Groups 
34,300 2 17,100 2,750 .000 
Within Groups 3.5 x 105 57,500 6 
Total 3.9 x 105 57,500 
DP Between 
Groups 
43,200 2 21,600 1,100 .000 
Within Groups 1.1 x 106 57,500 19 
Total 1.1 x 106 57,500 
The results showed that the levels of environmental measurements differed 
significantly across buildings, F (2, 57,500)= 26,400, p= .000 for C02 , F (2, 57,500)= 
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283, p= .000 for RH, F (2, 57,500)= 2,750, p= .000 for Temp, and F (2, 57,500)= 1,100, 
p= .000 for DP. There is a significant difference between the levels of environmental 
parameters among complaint and non-complaint buildings. Thus, we must reject the null 
hypothesis that stated that the levels of environmental measurements are equal across 
complaint and non-complaint buildings. The groups differ in some way. The results of 
the Levene's Test of Homogeneity of Variance confirm that the variances among the 
buildings are significantly different (the value is less than .05). 
Tukey post-hoc comparisons of the three groups indicate that all the group 
buildings differed significantly at p < .05 JJH had significantly higher CO2 and relative 
humidity levels than TPH and STH, (p = .000). Additionally, TPH had significantly 
higher levels of DP than JJH and STH while TPH had significantly higher temperature 
levels than STH and JJH (Table 9). 
Table 9. Tukey post-hoc Comparisons Between Buildings 
95& confidence 
Dependent Building Building Mean Std. Sig. Interval Variable s Difference Deviation Lower 
Bound 
Upper 
Bound 
C0 2 Tukey HSD STH JJH -346.874(*) 1.522 .000 -350.44 -343.31 
TPH -135.277(*) 1.522 .000 -138.84 -131.71 
JJH STH 346.874(*) 1.522 .000 343.31 350.44 
TPH 211.598(*) 1.522 .000 208.03 215.17 
TPH STH 135.277(*) 1.522 .000 131.71 138.84 
JJH -211.598(*) 1.522 .000 -215.17 -208.03 
LSD STH JJH -346.874(*) 1.522 .000 -349.86 -343.89 
TPH -135.277(*) 1.522 .000 -138.26 -132.29 
JJH STH 346.874(*) 1.522 .000 343.89 349.86 
TPH 211.598(*) 1.522 .000 208.61 214.58 
TPH STH 135.277(*) 1.522 .000 132.29 138.26 
JJH -211.598(*) 1.522 .000 -214.58 -208.61 
R.H Tukey HSD STH JJH -,846(*) .078 .000 -1.03 -.66 
TPH -1.852(*) .078 .000 -2.03 -1.67 
JJH STH ,846(*) .078 .000 .66 1.03 
TPH -1.006(*) .078 .000 -1.19 -.82 
TPH STH 1.852(*) .078 .000 1.67 2.03 
JJH 1.006(*) .078 .000 .82 1.19 
LSD STH JJH -,846(*) .078 .000 -1.00 -.69 
TPH -1.852(*) .078 .000 -2.01 -1.70 
JJH STH ,846(*) .078 .000 .69 1.00 
TPH -1.006(*) .078 .000 -1.16 -.85 
TPH STH 1.852(*) .078 .000 1.70 2.01 
JJH 1.006(*) .078 .000 .85 1.16 
Temp Tukey HSD STH JJH 1.669(*) .026 .000 1.61 1.73 
TPH ,065(*) .026 .029 .01 .13 
JJH STH -1.669(*) .026 .000 -1.73 -1.61 
TPH -1.604(*) .026 .000 -1.66 -1.54 
TPH STH -,065(*) .026 .029 -.13 -.01 
JJH 1.604(*) .026 .000 1.54 1.66 
LSD STH JJH 1.669(*) .026 .000 1.62 1.72 
TPH ,065(*) .026 .011 .02 .12 
JJH STH -1.669(*) .026 .000 -1.72 -1.62 
TPH -1.604(*) .026 .000 -1.65 -1.55 
TPH STH -.065(*) .026 .011 -.12 -.02 
JJH 1.604(*) .026 .000 1.55 1.65 
D.P Tukey HSD STH JJH .799(*) .045 .000 .69 .90 
TPH -1.304(*) .045 .000 -1.41 -1.20 
JJH STH -.19%*) .045 .000 -.90 -.69 
TPH -2.103(*) .045 .000 -2.21 -2.00 
TPH STH 1.304(*) .045 .000 1.20 1.41 
JJH 2.103(*) .045 .000 2.00 2.21 
LSD STH JJH ,799(*) .045 .000 .71 .89 
TPH -1.304(*) .045 .000 -1.39 -1.22 
JJH STH -.19%*) .045 .000 -.89 -.71 
TPH -2.103(*) .045 .000 -2.19 -2.02 
TPH STH 1.304(*) .045 .000 1.22 1.39 
JJH 2.103(*) .045 .000 2.02 2.19 
The mean difference is significant at the .05 level. 
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4.5 Fungal Concentrations and Identification 
4.5.1 Viable Fungi 
The results of viable fungi isolated and identified in STH are presented in Table 10 
and Figures 6 & 7. The predominant indoor genera were Cladosporium sp (1,550 
CFU/m3 or 57 %), Basidiomycete (531 CFU/m3 or 19 %), Penicillium sp (314 CFU/m3 or 
11 %) and Aspergillus sp (209 CFU/m3 or 8 %). A total of 12 fungal genera (2,740 
CFU/m3) were isolated from the indoor samples. The average indoor viable fungal 
concentration was 228 CFU/m3 compared with 220 CFU/m3 for the outdoor. The 
outdoor sample yielded seven fungal genera (1,540 CFU/m3) including Cladosporium sp 
(1,200 CFU/m3 or 78 %), Basidiomycete (180 CFU/m3 or 12 %) and Penicillium sp (78 
CFU/m3 or 5 %). 
The total concentration of indoor fungi was almost twice as high as the outdoor level. 
Cladosporium, Basidiomycete, Penicillium sp, and Phoma sp were present in both indoor 
and outdoor samples. However, with the exception of Cladosporium sp, the indoor 
concentrations of these fungi were considerably higher than their respective outdoor 
concentrations. 
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Table 11. Concentrations and Identification of Fungi in JJH 
Location 
Concentration 
Fungal I.D. (CFU/m3)a (%) 
Acremonium species 167 6 
Aspergillus clavatus 7.1 0 
Aspergillus niger 14 1 
Aspergillus versicolor 21.1 1 
Aureobasidium 7.1 0 
pullulans 
Basidiomycete 531 19 
Cladosporium species 1,550 57 
Miscellaneous 14.2 1 
unidentified 
Penicillium species 314 11 
Phoma species 7.1 0 
Rhodotorula species 57 2 
Yeast 49 2 
Total Count: 2,740 
Average 228 
INDOOR 
Cladosporium species 1200 78.2 
Basidiomycete 180 11.7 
Penicillium species 78 5.1 
Yeast 42 2.7 
Rhodotorula species 21 1.4 
Pithomyces species 7.1 0.5 
Phoma species 7.1 0.5 
Total Count: 1,540 
Average 220 
" The concentration was calculated by adding the fungal concentration for each species from each 
sample room of STH(complaint building) 
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The results of viable fungi isolated and identified in JJH are presented in Table 11 
and figures 8 & 9. The predominant indoor genera were Penicillium sp (148 CFU/m or 
31 %), Alternaria sp (113 CFU/m3 or 24 %), Cladosporium sp (105 CFU/m3 or 22 %) 
and Acremoinum sp (28 CFU/m3 or 6 %). A total of 10 fungal genera (472 CFU/m3) 
were isolated from the indoor samples. The average indoors viable fungal concentration 
was 47.2 CFU/m3 compared with 115 CFU/m3 for outdoors. The outdoor sample yielded 
six fungal genera (688 CFU/m3) including Cladosporium sp (590 CFU/m3 or 86 %), 
Basidiomycete (35 CFU/m3 or 5 %) and Penicillium sp (28 CFU/m3 or 4 %). 
The total concentration of indoor fungi was almost two times less than outdoors. 
Aspergillus niger, Basidiomycete, Cladosporium sp, Penicillium sp, and 
Pseudogymnoascus sp were present in both indoor and outdoor samples. However, with 
the exception of Aspergillus niger and Penicillium sp, the indoor concentrations of these 
fungi were considerably less than their respective outdoor concentrations. 
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Table 11. Concentrations and Identification of Fungi in JJH 
Location Fungal I.D. 
Concentration 
(CFU/m3) (%) 
INDOOR Acremonium species 28 6 
Alternaria species 113 24 
Aspergillus niger 14.2 3 
Basidiomycete 14.2 3 
Cladosporium species 105.1 22 
Non-sporulating fungi 14 3 
Penicillium species 148 31 
Pithomyces species 14.2 3 
Pseudogymnoascus 14.2 3 
species 
Rhodotorula species 7.1 2 
Total Count: Ml 
Average 47.2 
OUTDOOR Cladosporium species 590 86 
Basidiomycete 35 5 
Penicillium species 28 4 
Pseudogymnoascus 14 2 
species 
Fusarium species 14 2 
Aspergillus niger 7.1 1 
Total Count: 688.1 
Average 115 
" The concentration was calculated by adding the fungal concentration for each species from each 
sample room of JJH(non-complaint building) 
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The results of viable fungi isolated and identified in TPH are presented in Table 12 
and figures 10 & 11. The predominant indoor genera were Penicillium sp (429 CFU/m3 
or 59 %), Aspergillus sp (55 CFU/m3 or 11 %), Acremonium sp (49 CFU/m3 or 7 %) and 
•J -j 
Cladosporium sp (42 CFU/m or 6 %). A total of 14 fungal genera (731 CFU/mJ) were 
isolated from the indoor samples. The average indoors viable fungal concentration was 
3 3 
52 CFU/m compare with 27 CFU/m for the outdoor. The outdoor sample yielded seven 
fungal genera (186 CFU/m3) including Cladosporium sp (86 CFU/m3 or 46 %), 
Acremonium sp (36 CFU/m3 or 19 %) and Malbrachea sp (29 CFU/m3 or 16 %). 
The total concentration of indoor fungi was more almost four times higher than the 
outdoor sample. Penicillium sp, Acremonium sp, Cladosporium sp, Basidiomycete and 
yeast were present in both indoor and outdoor samples. However, with the exception of 
Phoma sp, the indoor concentrations of these fungi were considerably higher than heir 
respective outdoor concentrations. 
Table 12. Concentrations and Identification of Fungi in TPH 
Location Fungal I.D. Concentration 
(CFU/m3)a (%) 
INDOOR Acremonium species 49.2 7 
Aspergillus fumigatus 14.2 2 
Aspergillus niger 33.3 5 
Aspergillus versicolor 7.1 1 
Basidiomycete 21.1 3 
Cladosporium species 42.3 6 
Curvularia species 14 2 
Miscellaneous 42.4 6 
unidentified 
Non-sporulating fungi 7.1 1 
Paecilomyces variotii 7.1 1 
Penicillium species 429 59 
Rhizopus species 14.2 2 
Wallemia species 14 2 
Yeast 36.1 5 
Total Count: 731.2 
Average 52 
OUTDOOR Cladosporium species 86 46 
Acremonium species 36 19 
Malbranchea species 29 16 
Scedosporium species 14 8 
Yeast 7.1 4 
Penicillium species 7.1 4 
Basidiomycete 7.1 4 
Total Count: 186.3 
Average 27 
" The concentration was calculated by adding the fungal concentration for each 
species from each sample room of TPH(complaint building) 
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4.5.2 Total (Viable and Non-Viable) Fungi 
Table 13 shows the results of total airborne (viable and non-viable) fungi 
collected and identified in STH. A total of 10,000 counts/m3 were present indoors 
(compared with 3,700 counts/m3 in outdoor). The predominant fungal genera present in 
both indoor and outdoor samples were Aspergillus/ Penicillium (7400 counts/m3), 
•J -j 
Cladosporium sp (620 counts/m ), Ascospores (550 counts/m ) and Basidiospores (400 
counts/m ). The indoor concentrations of fungi were more than twice as high than the 
outdoor concentrations and these included species of Aspergillus/ Penicillium, 
Basidiospores and Cercospora sp. 
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Table 13. Viable and Non-Viable Particles at STH 
Location Particle I.D. 
Concentration 
(Counts/m3)a (%) 
INDOOR Alternaria sp. 62 0.4 
Ascospores 600 3.8 
Aspergillus/Penicillium 12,100 76.5 
Basidiospores 600 3.8 
Cercospora sp. 130 0.8 
Cladosporium sp. 700 4.4 
Coprinus sp. 60 0.4 
Zygomycetes 48 0.3 
Hyphal Fragments 430 2.7 
Rusts 28 0.2 
Cat/ Dog Dander 190 1.2 
Plant Fragments 150 0.9 
Smuts 720 4.6 
OUTDOOR Alternaria sp. 70 1.5 
Ascospores 300 6.6 
Aspergillus/Penicillium 1,900 41.9 
Basidiospores 90 2.0 
Cercospora sp. 160 3.5 
Cladosporium sp. 1,700 37.5 
Coprinus sp. 80 1.8 
Hyphal Fragments 100 2.2 
Rusts 14 0.3 
Plant Fragments 40 0.9 
Smuts 80 1.8 
a
 The concentration was calculated by adding the concentration for viable and 
non viable particles from each sample room of STH(complain building). 
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Table 14 shows the results of total airborne fungi collected and identified in JJH. A total 
of 18,800 counts/m3 were present indoors (compared with 4,536 counts/m3 in outdoor). 
The predominant fungal genera were Aspergillus/ Penicillium (12,100 counts/m3), 
Cladosporium sp (648 counts/m3), Basidiospores (600 counts/m3) and Ascospores (584 
counts/m ). The indoor concentrations of fungi were more than four times higher than 
the outdoor concentrations and these included species of Ascosporas sp and 
Basidiospores. 
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Table 13. Viable and Non-Viable Particles at STH 
Location Particle I.D. 
Concentration 
(Counts/m3)a (%) 
INDOOR Ascospores 550 5.7 
Aspergillus/Penicillium 7,400 76.1 
Basidiospores 400 4.1 
Cercospora sp. 84 0.9 
Cladosporium sp. 620 6.4 
Coprinus sp. 60 0.6 
Zygomycetes 56 0.6 
Hyphal Fragments 160 1.6 
Smuts 390 4.0 
Ascospores 900 24.2 
Aspergillus/Penicillium 1750 47.0 
Basidiospores 70 1.9 
Cercospora sp. 42 1.1 
Cladosporium sp. 720 19.3 
Coprinus sp. 100 2.7 
Hyphal Fragments 40 1.1 
Smuts 100 2.7 
" The concentration was calculated by adding the concentration for viable and 
non viable particles from each sample room of STH(complain building). 
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Table 15 shows the results of total airborne (viable and non-viable) fungi 
collected and identified in TPH. A total of 43,100 counts/m3 were present indoors 
(compared with 7,800 counts/m in outdoor). The predominant fungal genera were 
3 3 
Aspergillus/Penicillium (31,100 counts/m ), Cladosporium sp (6,400 counts/m ), 
Ascospora sp. (1,250 counts/m ) and Zygomycetes (550 counts/m ). The indoor 
concentrations of fungi were about more than five times higher than the outdoor 
concentrations and these included species of Aspergillus/ Penicillium, Cladosporium sp 
and Zygomycetes. Stachybotris sp. was present in a single indoor sample (48 counts/ 
m3). 
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Table 13. Viable and Non-Viable Particles at STH 
Concentration 
Location Particle I.D. 
(Counts/m3)a (%) 
INDOOR Alternaria sp. 48 q.12 
Ascospores 1,250 3 gg 
Aspergillus/Penicillium 31,100 76.02 
Basidiospores 360 q 88 
Cercospora sp. 170 q 42 
Cladosporium sp. 6,400 15.64 
Coprinus sp. 48 q 12 
Curvularia sp. 24 q 95 
Stachybotrys sp. 48 q \2 
Ulocladium sp 24 q q6 
Zygomycetes 550 \ 34 
Algal/Skin Fragments numerous 
Hyphal Fragments 720 j 75 
Rusts 168 o.41 
OUTDOOR Alternaria sp. 
Ascospores 
Aspergillus/Penicillium 
Basidiospores 
Cercospora sp. 
Cladosporium sp. 
Coprinus sp. 
Zygomycetes 
Hyphal Fragments 
Rusts 
144 2 
816 11 
3,200 43 
190 3 
24 0 
2,150 29 
750 10 
92 1 
48 1 
48 1 
a
 The concentration was calculated by adding the concentration for viable and 
non viable particles from each sample room of TPH(complain building). 
CHAPTER V 
DISCUSSION 
The purpose of the study was to assess the indoor air quality of three buildings on 
a Kentucky campus. More specifically this study proposed to examine and characterize 
basic parameters commonly associated with indoor, characterize office occupant's 
perceptions of poor indoor air quality, and evaluate the role of fungi on health related 
symptoms reported at work. A discussion of the results is presented in this section. 
Included within the discussion are a comparison of the levels of environmental 
parameters and fungi in the buildings, and their relationship with the health symptoms 
reported by building occupants. 
5.1 Environmental Parameters 
The mean levels of basic IAQ parameters (i.e., temperature, RH and CO2) for the 
three buildings were within the guidelines recommended by ASHRAE. Analysis of 
variance, identified a significant difference among the buildings in terms of the IAQ 
parameters that were recorded. 
In spite of the fact that the means were within the recommended range, some 
values are out of the range. These values may be the reason for the complaints that were 
reported by the questionnaires. For CO2 concentration, JJH had the highest reading that 
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was 1790 ppm. Similarly, the maximum values for the other buildings were also elevated 
with STH at 1660 ppm and TPH at 1450 ppm. 
As mentioned earlier, the concentration of CO2 is an effective indicator of 
adequate ventilation. CO2 has been reported to have been related to health symptoms 
such as headache, dry throat and decreased mental acuteness (76). This correlates with 
the number of people who complained of dryness of throat (28.3%), and dryness of skin 
(40%). Now comparing these extreme values with the question regarding the most 
common IAQ complaint; lack of air accounted for 10% of the responses. 
The levels of relative humidity were within ASHRAE's recommended range for 
all three buildings. But the peak values were recorded as exceeding the recommended 
range. STH recorded the highest among the recorded values with a peak of 79 followed 
by TPH at 72, and JJH at 64. It was noted that the HVAC system in the buildings did not 
maintain a constant RH 
High RH (> 60%) has been reported to promote fungi and mold growth (77 ). In 
general, health problems and material damage can occur when the relative humidity 
exceeds the critical value of 60%. This would correlate with 73% of building occupants 
in the survey who complained that high humidity was the cause of their health problems 
due to poor indoor air quality. 
Temperature measurements showed variations as well. The maximum 
temperature (81 F°) was recorded in TPH. Higher than acceptable temperatures were also 
recorded at STH at 80 F 0 and JJH at 77 F A majority of the respondents (73%) 
identified high temperature as an important factor in their IAQ questionnaire. The 
maximum levels reported may be a factor in this perception. Thermal comfort is a main 
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component of IAQ and has been shown to be the primary concern of occupants in many 
studies (78). 
Studies of health symptom associations with IAQ conditions in the classroom are 
very rare, but taken with more general knowledge of IAQ, suggest that improved 
ventilation and targeted indoor pollutant source reductions could reduce certain occupant 
symptoms and improve the standard of health of the occupants (78). Indoor air quality is 
an important determinant of population health and well-being; ASHRAE define 
acceptable indoor air quality as the air in which there are no known contaminants at 
harmful concentrations as determined by cognizant authorities and with which a 
substantial majority (80% or more) of the people exposed do not express dissatisfaction 
(79). 
5.2 Fungi Levels and Health Symptoms 
The concentrations and variety of fungal species detected varied among the 
buildings. Approximately 18 different genera were identified in indoor environments 
while 14 genera were identified outdoor during the sampling period. The Bioaerosol 
Committee of the American conference of Governmental Industrial Hygienist (ACGIH) 
recommends a range of 100 to 1,000 CFU/m3 as acceptable level of fungi for most indoor 
environments (80). Bioaerosol concentrations present in each of the buildings fell within 
the specified guidelines. The exception was STH where fungi indoor levels exceeded 
more than 2,000 CFU/m3 while outdoor levels were more than 1,500 CFU/m3. Average 
total fungi concentrations ranged from 730 to 2,740 for two of the complaint buildings 
(TPH and STH) and were consistently higher than the outdoor average of total fungi 
concentrations that ranged from 186 to 1,540 respectively. Standards suggest that the 
76 
indoor and outdoor fungi concentrations should be similar with higher concentrations 
outdoors during summer. The higher indoor than outdoor levels of fungi may indicate 
the presence of indoor sources of fungal growth and possible water damage in these 
buildings, however little evidence exist that such differences connote a health risk (81). 
In contrast JJH had an average indoor fungal concentration of 472 CFU/m3 which was 
lower than the outdoor average of 688 CFU/m3. 
The fungi most commonly recovered from both indoor and outdoor air were 
species of Aspergillus, Acremoniu, Cladosporium, Penicillium, and Yeast. A number of 
these fungi produce toxic metabolites and are associated with reported respiratory 
symptoms which presumably reflected the known causal connection between health 
symptoms and exposure to high fungal levels. 
Cladosporium species were the most prevalent fungi isolated in the buildings and 
often occurs at lower concentrations indoor than outdoor. In this regard, TPH and JJH 
showed lower indoor concentrations of Cladosporium than outdoors, indicating an 
outdoor source. 
Penicillium species were the second most prevalent fungi in the buildings. 
Penicillium sp has been reported to be allergenic (skin) and is known to cause 
hypersensitivity pneumonitis and allergic alveolitis in susceptible individuals. It can also 
cause extrinsic asthma and some species have been reported as causing occupational 
allergies. 
Acremonium species were the third most prevalent fungi in the buildings. 
Acremonium sp. has been reported to be allergenic and toxigenic. It has been associated 
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with households where occupants' complaints were nauseas, vomiting and diarrhea. It 
has also been reported to cause eye infections (82). 
Aspergillus species were the fourth most prevalent fungi in the buildings and 
represent one of the most common groups of fungi in the environment (83). The diseases 
caused by species of Aspergillus are relative uncommon and are rarely found in 
individuals with normally functioning immune systems. However, due to the substantial 
increase in populations of individuals with active immune suppression, such as 
individuals with Human Immunodeficiency virus (HIV), chemotherapy patients and those 
on corticosteroid treatment, contamination of building substrates with fungi, particularly 
Aspergillus species have become an increasing concern. Aspergillosis is now the second 
most common fungal infection requiring hospitalizations in the United States (83). 
Aspergillus species concentrations were significant among the buildings (55, 42 and 14 
•3 
CFU/m ) in TPH, STH and JJH respectively. Three toxigenic species of Aspergilllus (A. 
fumigatus, A. niger A. versicolor),were isolated from TPH. A. fumigatus occurs in 
outdoor and indoor air and has been reported to cause asthma and rhinitis (allergies). A. 
niger is the most common environmental isolate of the Aspegillus species and has been 
reported to cause skin diseases. A. versicolor is an indicator organism of moisture 
problems in buildings and it is frequently isolated from water damage building materials. 
The fungus has a characteristic musty, earthy odor, often connected with moldy houses 
and is the cause of eye, nose and throat irritation. As shown in table 2, a significant 
number of occupants (87.5%) that completed the questionnaires indicated that they often 
observed a characteristic moldy odor in their offices. 
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S. chartarum was isolated from one of the bulk samples of fiberglass coverings on 
the ventilation ducts. The results of this study suggest that the presence of Stachybotrys 
is not highly unusual. Regardless, Stachybotrys is rarely found in isolation, nearly always 
occurring in the presence of other fungi (81). This fact is critical, since many of the other 
species are capable of producing mycotoxins (84), and recent work suggests that volatiles 
from S. chartarum may represent a small fraction of the total amount present in problem 
buildings where other fungi exist (85). 
The Occupational safety and Health Administration guideline indicates that levels 
greater than 1, 000 CFU/m3 are unacceptable (OSHA,Wahsignton D.C. 1992). However, 
STH had the highest fungi concentration indoor and outdoor when compare to the other 
buildings locations. The literature strongly suggest that current recommended guidelines 
do not reflect concentrations reported in non-complaint buildings or those detected in 
outdoor environments, nor do they reflect levels that reasonably could be associated with 
adverse health outcomes (81) 
Most traditional sampling methods (e.g., exposed agar plates) are incapable of 
adequately measuring either airborne or sedentary organisms, and the use of such 
quantitative devices have shown huge variations (up to 1,000-fold) between essentially 
identical specimens (86). However, results for outdoor air should be relatively unaffected 
by any bias that applies to sample collection in indoor settings. The geographic region of 
South Central Kentucky could have variations in patterns of fungal growth. Furthermore, 
the highest reported concentrations might be underestimated, since very high 
concentrations may overload a sampler. Thus, the results of this exploratory study 
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provide comparative data that can be used to better interpret bioaerosol samples and to 
improve our understanding of the role of fungi in indoor air quality at school facilities. 
CHAPTER VI 
CONCLUSIONS 
The findings of this exploratory study provide important information on the 
prevalence of basic environmental parameters and airborne fungal concentrations in three 
campus buildings in south central Kentucky. Furthermore, the airborne fungal levels 
permit us to better understand the prevalence of certain species of airborne fungi indoors 
compare with outdoors. 
• The most common IAQ complaint reported were: allergies, 27% (n=8); 
mold, 27% (n= 8); dust in the air, 17% (n= 5); temperature, 13% (n= 4); 
lack of airflow or stuffiness, 10% (n= 3); and physical symptoms 
(headaches, sinusitis and asthma) 7% (n= 2). 
• The measured levels of environmental variables (i.e., CO2, RH, Temp, and 
DP) in the three buildings were within the ASHRAE-recommended 
standards for indoor air quality in buildings. Higher than acceptable levels 
of these environmental variables have been associated with perceptions of 
various health effects resulting from exposure to poor indoor air quality 
(22) (25). 
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• The total airborne fungal concentrations in indoor air were significantly 
higher than the outdoor in STH and TPH. In contrary in JJH indoor fungal 
concentration was less than half. 
• The fungi most commonly recovered from both indoor and outdoor air 
among the buildings were Aspergillus, Acremonium Cladosporium, 
Penicillium, and Yeast. 
• Psychosocial issues may be playing a role in building-related complaint. 
Several studies have reported that the quality of the work environment, 
stress and somaticization may all affect people's perceptions of their IAQ. 
This study provides valuable knowledge of quantitative and qualitative 
information concerning the role of fungi and environmental factors on occupants' 
perceptions of workplace indoor air quality in a South Central Kentucky School. This 
study illustrates the need to further study the quantitative information on causal 
relationships between health symptoms, and environmental conditions that is needed to 
establish corrective actions. 
6.2 Recommendations 
Based on these results, remedial actions are recommended to reduce indoor levels 
and prevent the growth of toxic fungi. According to the United States Environmental 
protection Agency (EPA), a key factor that contributes to mold growth in buildings is 
moisture incursion. 
Of all three buildings included in this study, TPH was shown to have serious 
moisture problems and obviously more visible mold growth on ceiling tiles and insulation 
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materials. As an interim measure, it is recommended that all ceiling tiles that are wet or 
have visible molds be removed and replaced immediately; the affected areas should be 
cleaned and disinfected accordingly; and a scheduled maintenance of the HVAC systems 
including periodic changing of filters should be implemented. 
A long-term strategy would require thorough analysis and evaluation of the 
effectiveness of the HVAC systems in TPH and STH with a view to minimizing the 
conditions that favor the growth and proliferation of toxic fungi, including species of 
Penicillium, Aspergillus, Acremonium, and Stachybotrys. 
The presence of higher indoor (compare to outdoor) levels and more species of 
toxigenic fungi would indicate inadequate ventilation and poor indoor air quality. Poor 
indoor air quality resulting from allergic diseases has been associated with increased rate 
of absenteeism and reduced productivity. Remedial actions are recommended for 
improved building design, operation and maintenance with a view to improving indoor 
air quality, occupants comfort, and public health. 
It is important that IAQ complaints be documented and that appropriate 
professionals are used to determine the extent, if any, of the problem. IAQ is a 
multidisciplinary effort; therefore, good communication and cooperation must be 
established among professionals who share responsibility for building environments. 
Good communication and cooperation must be also established with building occupants, 
the subject of all IAQ efforts (86). 
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Glossary 
Air Exchange Rate; the rate at which outside air replaces indoor air in a space. The rate at 
which a volume of outside air enters per unit of time - cubic feet per minute (cfm). 
Air Handling Unit (AHU): refers to equipment that includes a blower or fan, heating 
and/or cooling coils, and related equipment such as controls, condensate drain pans and 
air filters. 
Allergen: a substance capable of causing an allergic reaction because of an individual's 
sensitivity to that substance. 
Biological Contaminants: agents derived from, or that are, living organisms (e.g., 
viruses, bacteria, fungi, and mammal and bird antigens) that can be inhaled and can cause 
many types of health effects including allergic reactions, respiratory disorders, 
hypersensitivity diseases, and infectious diseases. 
Building Envelope: it refers to all external building elements (materials, windows, and 
walls) that enclose the internally occupied space. 
Central Air Handling Unit (central AHU): refers to equipment that includes a blower or 
fan, heating and/or cooling coils, and related equipment such as controls, condensate 
drain pans and air filters that distributes the air to more than one area. 
Cfm: cubic feet per minute: the amount of air, in cubic feet, that flows trough a given 
space in one minute. 1 cfm equals approximately 2 liters per second (1/s). 
84 
Chemical Sensitization: evidence suggests that some people may develop health 
problems characterized by effects such as dizziness, eye and/or throat irritation, chest 
tightness, and nasal congestion that appear whenever they are exposed to certain 
chemicals. Once sensitized, people may react to even trace amounts of these chemicals. 
Conditioned Air: air that has been heated, cooled, humidified, or dehumidified to 
maintain an interior space within the "comfort zone". 
HVAC: heating, ventilation and air conditioning, it is a building's system that provides 
thermal comfort, distributes outdoor air to occupants, and removes contaminants. 
Indoor Air Pollutant: particles and dust, fibers, mists, bioaerosols, and gases or vapors. 
Outdoor Air Supply: air brought into a building from the outdoors, often through the 
ventilation system, this air has not been previously circulated through the HVAC system. 
Also known as "make-up air". 
Pollutant Pathways: avenues for distribution of pollutants in a building. HVAC systems 
are the primary pathways in most buildings; however, all building components interact to 
affect how air movement distributes pollutants. Pathway: a route between the source and 
the complaint location within the building 
Psychosocial Factors: psychological, organizational and personal stressors that could 
produce symptoms similar to those caused by poor indoor air quality. 
Relative Humidity: the amount of moisture the air can hold at any given temperature 
compared to the amount of moisture it could hold at any given temperature. 
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Ventilation Air: defined as the total air, which is a combination of the air brought inside 
from outdoors and the air that is being recirculated within the building. Sometimes, 
however, it is used in reference only to the air brought into the system from the outdoors; 
in this case it should be referenced as "outdoor air ventilation." 
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APPENDIX - A 
INITIAL INDOOR AIR QUALITY QUESTIONNAIRE 
Important Notice: By completing this questionnaire the participants are giving their implied 
consent. In order to protect the participant's anonymity in the final report, room numbers will be 
assigned a generic number. The answers to the questionnaire will only be used by the Principal 
Investigator (PI), Dr. Emmanuel Iyiegbuniwe in conducting the indoor air quality assessment, and 
will not be included in the final report. 
1. Occupation Building 
Department Room # Date 
2. a) Have you experienced any problem with the air quality in your area? 
Yes No If yes, please explain. 
b) Have you experienced any of these symptoms (mark with an X) 
dryness 
Eyes irritation 
Burning 
Nose dryness 
and runny nose 
Throat nose congestion 
dryness 
Skin irritation 
itching 
Respiratory breath-lessness 
System chest tightness 
wheezing 
Fatigue: 
Headache 
Difficulty 
concentrating 
3.a) When did these problems first occur? 
b) When do these problems usually occur? 
Morning 
All d a y _ 
How often 
Afternoon 
Every day _ Other 
4. When do these problems get better or worse 
(explain)? 
5. When do symptoms go away? 
6. a) Are you allergic to anything? If yes, list and indicate symptoms. 
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b) Do you suffer from any chronic respiratory problem (e.g., asthma, bronchitis, 
emphysema)? Please explain. 
c) Do you currently use any medication regularly? Yes No 
If yes, how long have you been taking this medication? 
7. Have you notified your supervisor about the air quality in your area? 
Yes 
No _ 
8. a) How long have you worked in this area? 
b) How may people (including yourself) work in your area? 
9. Do you smoke tobacco or live with a smoker? Yes No 
If yes, how much on an average day? 
10. What electrical equipment and chemicals do you use in your work area (e. g., glues, solvents, 
photocopier) 
11. a) Is there a visible airflow vent in your work area? 
b) Is this vent blocked or covered? 
c) Can you feel any air movement? 
12. Is the temperature/humidity comfortable in your area? 
Yes? No? If yes, please explain. 
13. Can you control the temperature and/or air movement in your area? 
14. a) Is your office carpeted? 
b) How long has it been carpeted? 
c) Has it been recently cleaned and/or shampooed? 
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15. Describe any upholstery (cloth, leather or vinyl) or furnishings (desks, chairs) brought into 
your office within the last year. 
16. Are there any odors in your office? Yes No 
If yes, do you know what they are? 
17. Does anybody in your area use cosmetics, hair spray, perfume, after-shave, etc. on a regular 
basis, which you can notice? Does it bother you? Yes No If yes, please explain. 
18. Does anybody else in your area experience any problem with the air quality? 
Please explain. 
